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UNDERSTANDING ENVIRONMENAL SECURITY: A THE MILITARY
PERSPECTIVE

EXECUTIVE SUMMARY

Environmental security is a topic of growing interest in national security affairs
and thus has significant implications to the military national defense mission. In the
context of this report environmental security is a process of addressing those _
environmental issues having the potential to cause crisis or conflict to such an extent that
they represent a threat to the security of the United States. The major products of this
research are: A layman’s description of the science of the major environmental
degradation and resource scarcity issues in the world, a strategic threat assessment of the
risk of these issues, a delineation of environmental security into the military and civilian
security missions, and identification of possibie militarv supporting role missions in
environmental security. Geographic Information Systems (GIS) analysis was applied to
correlate regional environmental scarcity and degradation issues. This analysis of the
major issues detertnined that the best predictive metric of environmental degradation is
rate of natural population growth. Strong correlations were found between this statistic
and rates of deforestation and water scarcity. All data retlected that population evaluated

on the basis of regional carrving capacitv best determined the overall stabilicy of a region.

The major conclusioas of this report are:

* Environmental security needs to a component of the overall national securitv
Tussion.

e The muilitarv have an important, but supporting role in U.S. environmental
secunity initiatives.

* Population growth rates are the best predictive metric tor assessing regional
eavironmental stability.

® Areas of Central and North Afrca. the western Pacific [slands. Ganges River
area. and parts of Central America and South America are least stable regions
from an environmental security standpoint.

¢ Regional threat analysis can be most effective conducted by geographic
CINCs with more detailed data regional data. following the model developed
as part of this research.

® The Theater Engagement Planning Process is the appropriate military
planning system for environmental security mission planning.
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Chapter 1
INTRODUCTION
A. Preface
What is Environmental Security?

What is the military mission in environmental security and

how should we be executing this mission?

Succinctly stated, these are the questions .that this project intends to address.
Environmental Security is a term one now hears regularly bantered abo‘ut by senior leaders
involved n nacioﬁal security and defense atfairs. Does this mean that Environmental
Security is now an integral part of the wayv the United States conducts its national security

business. or is it a term of fashionable jargon enjoving its brief state of acceptance in detense

* culture. as often happens. Bernard Brodie. a noted scholar on war. in a spesch at the Army

Commeand and General Staff College once made a prophetic comument about the misuse of
jargon . He stated.' ~ {r (jargon) gives us a sort of shorthand. wherein a mere phrase can
convey a verv considerable bodv of thoughr and muwual understanding, which is of course
characteristic of specialized-vocabularies in all sciences. The function of jargon is. to be
sure. frequently abused by scholars who have forgotren how to write or think in English.”
Without any evidence to support my view. [ believe Professor Brodie had a point in
expressing this view to his military audience. and it was not to further their dislike of
"academics’. The military otten use jargon without the requisite “mutual understanding and

this is specitically true in today’s use of the term. Environmental Security. In my

' Brodie. Bernard “The Worth of Principles of War” trom a lecture delivered on 7 March 1957 to the U.S.Army
Command and General Staff College, Fort Leavenworth. KS.
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military experience | have heard the term used by numerous senior Department of Defense
officials, each obviously using the term in a different context. This doesn’t mean that any of
these senior o_fﬁéers were wrong, but reinforces that envir(onmental security means different
things to different people and therefore must be employed with care. The next chapter is
devoted to sifting through the humerous definitions for environmental security available in
military and academic writing today to formulate a déﬁm'tion of environmental securify
specific to the purpose of this study.

" This project began based on my persénal deﬁnition of environmental security
founded on the belief that there are dramatic man-induced changes occumng in our
environment that are adversely impacting our earth today, which left unabated will sériously
impact the saterv and security of our world. A burgeoning population and its demands tor
natural resources. renewable and non-renewable. is leading this assault on the environment.
Some coansider technology as a co-coaspirator in this degradation of the environment.
Certainly technology has evolved to the point that it can do great harm. but technology can

also heal and miugate. With these constraining comments the overarching theme for this

paper becomes.

Environmental degradation and environmental resource scarcity are
of a magnitude that they can become, if they are not already, an issue

of national security for the United States.



B. Backeround in Environmental Securitv Studies

The themé for this project not a new concept, particularly to the academic commun;'ty
where the environmental movement began. - Many of the eminent scientists who advanced
our understanding of the earth’s environment were also _the ‘doomsayers’ (as they were
characterized i.n their time) predicting catastrophic consequences on the environment from
man’s activities. A number of these scholars further conceptualized their views of
environmental security couched in the old civics debate, what should the government buy,
"guvnsﬁor butter .. Norman Myers, one of the early environmental security scholars, espoused
this view when in 1986 he wrote, *

“h'eﬁce national security is not just about fighting forces and weaponry. It

relates (0 xva(ersheds. croplands. forests. genetic reso'urces. climate and

other facrors that rarely figure in the minds of military experts and political

leaders. hut increasingly deserve. in their co/lecu‘i*z’ty, to rank alongside

miiicary approaches as crucial in a nation s securiry.”

[n hindsight. it cerainly appears that Myvers was dead on target at least in idencifving
future Environmental Security issues. It is also understandable that military leaders did
not embrace his concepts. considering Myers' view that reduced military spending was
the appropriate source for environmental security funding.

Todéy. the environmental security debate tlourishes among social and political
science scholars who work to redefine security, define environmental security. and
understand the political and social responses to environmental scarcities. Within the torum

developed at the Woodrow Wilson International Center tor Scholars’ organized as the

* Norman Mvers. The Environmental Dimension to Security [ssues, (The Environmentalist. [986). 251.
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Environmental Change and Security Project, debate and discussion coatinue. Thomas
Homer-Dixon’, Marc.Levy, and others have helped evolve and focus the early work of
Norman Myers® and other scholars into our basic understanding of how environmental issues
can/will impact security in the fumra. It is not a goal of this report to enter into this fray.
The debates here center more on the political science of defining security and applying the
political sciences to analyze how developing countres wjll réspond to any environmental
stress factors.

Previous research does otfer important inputs into this research focused on advancing
our understanding of what the military mission should be. This bodyv of work aids in
identitving what. if any. of our worldwide environmental responsibilities are security
concems. and therefore should thread through our National Securit_v Strategy into the
National Militarv Strategy. However. the analysis here becomes truly convoluted within the
political and social dimeansions ot government. The overall lack ot an worthy adversary tor
the US in a world without an [ron Curtain and a Cold War has cau‘sed proolems. Because of
these bigger picture problems we struggle with identifving and prioritizing those issues such
as environmental securitv which here to fore have been lesser concerns.

Predicting global climate change is tough. but.this environmental debate pales in iight
ot the rhetonc concemning the new balance of power and security threats emerging ds the
political geography of the world restructures itself, mostly at the point of a gun.  Samuel
Huntington in his best selling, The Clash of Civilizations and the Remaking of the World

Order’, offered a brief review of the prevailing theories that explain the political changes in

f Thomas Homer-Dixon, Environmental Scarcity and Global Secunity,(Foreign Policy Ass.. USA. 1993).
" Norman Myers. Ultimate Security: The Environmental Basis of Political Stability, (Norton. 1993).
* Samue! Huntington. , The Clash of Civilizations and the Remaking of the World Order. (Simon and Schuster.

NY, 1996).



the world today. and in the future. Of coufse this revigw was a precursor to his presenting his
theory on the subject. Debﬁtfng these different theories of political science is outside the
scope of this project, but disappointedly, neither Huntington’s nor any <;f the other theories
he reyiewed overtly considered environmental degradation as a primary source of conflict.
Many of the theories, the Sheer Chaos Paradigm for example, have underlying threads in
many of the environmental issues we will be discﬁssing, but this theory suggests that
everything else in the world is going to be so awful that environmental chaos will be hardly
noticeable. Accepting the Huntington view here would make this a relatively short essay.
since none of the environmental issues would have a security component. However. there
are others® including this author that disagree. disagree to the point of purporting that
environmenial issues nﬁa_v be a major sources of conflict in the world. White in his. North
South, and the Environmental Crisis7, sees the issue divided by hemispheres. The sources

of-.conflict irom this view are the cumulative impacts of the environmental issues exacerbated

- by population growth and poverty in the Southern Hemisphere. Of U.S. political leaders Vice

President Gore is one of our most knowledgeable national leaders on this subject and he is

deeply concermed with the potenual damage to world order being manifested by

“environmental degradation®. The literature is resplendent with other predictions of conflict

over environmental issues, but the more positive evidence is in the records of actual conflict.
The best compilation of data has been for the conflicts over water. Dating back to
2500 BC. water has truly been something people will fight over. Over the period 1945 —

1997. Gleick identified 17 distinct incidents of armed conflict directly over access to water

$ Ambassador Richard Armitage, very senior US diplomat and strategic analyst specifically disagreed with
Huntington’s view on causes of insecurity, and listed environmental concerns such as water scarcity as looming

threats. 23 May 2000 lecture to the Naval War College.
" Rodney White. North, South, and the Environmental Crisis, (Universiry of Toronto Press. 1993).
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for human use’. While direct causal relationships between other environmental issues and
conflict are léss well established, as the magnitude of these problems increase it is.certainly
plausible that they too could degenerate to conflict. Lee has identified 70 separate modern
era conflicts with which he associates some environmental issues to their causation'. .One
impact élready seen is what United Nations characterize as environmental refugees, people
displaced by the combined effects of population 'growth, resources scarcity and disease''.
The military and security repercussions of these refugee problems are aiready documented in

military after action reports from Rwanda. Somalia. Ethiopia. and the Sudan.

C. Our Obligation

| [t 1s fairly clear that environmental degradation and scarcity are going to be a problem
for some people in the world. but one attitude could be that 1t 1s not our problem because the
U.S. possesses adequate resources and 2mplovs sound conservation measures. [n another
line oi reasoning. use of anv mulitarv capaciry for international environmental securty further
hampers readiness and heaps more on an already overtaxed military. Why should the U.S.
and specitically for this studv, U.S. Armed Forces become involved? There are three lines of
analvsis addressing this question and thev all lead 1o the same conclusion. The three
rationales are 1) It is the moral responsibilitv of the United States. 2) It is an obligation we
have incurred, and 3) Practical self-interest dictates it as the prudent action.

The moral approach is based on a belief America is great because we support and

defend high ideas for all people. We continue to send troops into harm’s way in cases where

¥ Albert Gore. Earth in Balance, (Houghton-Mifflin, Boston. 1992).
® Peter Gleick. The World’s Water, 1998-1999, (Island Press. 1998), 125-130.

' james White. Inventory of Conflict and Environment, AEPI. April 1999).

" Rodnev White, North South, and the Environmental Crisis, (University of Toronto Press. 1993). 96-97.
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our primaryv rationale is our belief in the basic rights of all people. Actions in Kosovo,

protecting the Kurds, assisting refugees in Rwanda are all examples of military actions

primarily driven by our moral precepts. As we will see as this study develops, the

environmental scarcity and degradation issues are more threatening to more of the innocent
population of the world that all of the landmines and AK-47s ever made. This is a rationale
‘well described by many scholars and in the final analysis is the overriding basis for the Vice
Presidem»’s call to action. It can be said that the first requirement to be a superpower is to be
willing to act like one; to lead when the world has issues that require someone bringing the
world together.

No couniry in human history has ever so dominated the world in economic and
military power nas the United States does today. In doing so we consume a vast quantity of
the worid's renewable and non-renewable resources and produce more waste than anvone
eise on earth. The Army has a down-to-earth idiom that suggests. for their own good. troops
should Kkeep their mess kits clean; this is also true for the United States and the importance of
| the rest of the world in sustaining our way of life. Through our demand for resources and
production of waste we have incurred an obligation to sustain the gloEal environm.ent. and
will need 1o parucipate in world efforts to reduce our impacts and demands on the world
environment, which becomes a component of our environmental seCuriry strategy.

The third line of reasoning 1s the pragmatst’'s view of the world. environmental
secunty is in our own best interest. The cost of cleaning up a mess is always higher than the
cost of prevention. Trying to rebuild a denuded forest or restore a water supply are costly
activities compared to educating peopie on sustainable development or measures to prevent

water pollution. More directly to the issues of this study, the cost of war resuiting from

N\



environmenial scarcity issues will be greater than many of the actions that can be taken to
prevent conflict.

One should reach the same conclusion whether you approach from the view of our
position as a .world power, or from the view of an accomplice in the crimes polluting the
world environment -- U.S. interests dictate that environmental security must be consider.ed in
national security policy making. Even uﬁder the uncertainty associated with many of the
environmental issqgs, the body of evidence confirming that humans are adversely impacting
the environment on a global scale is irrefutable. Depletion of stratospheric ozone and the
destruction of the Aral Sea are just two examples of global or large-scale anthropogenic
changes damaging fhe environment. In summary. following anv of the logic threads
presented or considering them in sum. environmental securitv should be a part of the

Amencan poiitical agenda. All of these factors lead to environmental secunty now appearing

as a part of the US national securitv policy.

D. The Natonal Secuntv Strategv and The National Militarv Strategy

Today. we at least recognize a broader sense for national securitv and inclusion of
environmenial 1ssues as one component. QOur National Secunty Strategy (NSS) tor a New
Century is the biueprint for all governmental actions associated with national defense and
thus 1s the basis for strétegic planning for the military. One of the "important national
interests’ identified in the December. 1999 NSS is “protecting the glo.bal environment from

=12 N . . . . .2 . .
severe harm™'’. Within the humanitarian and other interests, “promoting sustainable

development and environmental protecrion’”” is listed. Further, many of the human issues

The White House. A National Security Strategy for a New Cemﬁry, 1.
Ibid. 2. '

1
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identified n tnhe NSS have root causes in environmental problems. As an example, the
problem of refugee flow is marked as an important national interest, though more and more,
environmental degradation is a major push factor creating mass migration. and leads to the

starvation, epidemic disease, and the civil unrest that make refugees a security concern.

Overall, the NSS now recognizes that environmental issues are significant concerns in our.

national security and thaf they must be incorporated into our plan for preserving Ameﬁcan
éecuriry.

The NSS is the guide for all parts of the national government in mapping their
activities iﬁ pursuit of peace and security for our country. Environmental secunty is one of
several 1ssues raised in the NSS requiring coordinated actions from many agencies and
departments. including but not limited 1o the DOD. Presently. DOD. the US Environmental
Protection Agency (EPA). the Department of Energy (DOE). and the Department of Stafe
(DOS) informally coordinate environmental secunity issues. Working groups and workshops
mee! iregularly 10 de\"elop the relationships necessarv to accomplish the NSS environmental
requirements. but these efforts suffer from a lack of priority within the individual
organizations and no overall national leader. or advocate. Within the DOD the enbvironmental
protectio.n component of the NSS has been addressed under the title "environmental securitv'.
Offices have been established within the DOD and programs are organized under the Deputy
Under Secretary of Defense for Environmental Security.

The NSS becomes the baseline guidance for all that will become our National
Military Strategy (NMS)». It then follows that £he Chairman of the Joint Chiefs of Staff must
consider the environmentally related requirememsvof the NSS as he develops and implements

the National Military Strategy. In this context, the current National Militarv Strategy does

/\L



- incerporaie environmental protection issues into the military strategy. In its analysis of the
Strategic Environment the NMS states, “environmental strains continue (0 cause instability
qnd the potential for violence'*.” Further, in describing transnational da{lgeré, the NMS
idenuifies that, * massive refuge flow; and threats to the environment each have the potential
to pul U.S. interests at risk.'">” Overall, the threat analysis sections in both the NSS and NMS
provide conSist:m approaches to defining the risks to national security posed by numerous
environmental issues. However, continuing in the NMS to its strategic planning sections, the
‘how™ to address these issues are absent. Certainly the NMS is a ‘big picture’ strategic
document and cannot cover all details for everv security concem, but it is clear that “Shape,
Raspond. and Prepare Now™ should include environmental actions 0 respond to its own
threat analyvsis. As will be proposed in the analvsis section (Chapter 4). “Shape’ is the most
important aspect ot environmental security planning.

Differences between the NSS and the NMS are expected and reflect that conceprually
NSS s a2 document that includes the total responsibilities of the government to protect the
national secunity' of w'ni.ch as .stated in the NMS. “The military is a complementary element of
national power that stands with the other instruments wielded by our governmen1~'6”.
Diplomacy through the Department of State. economic leverage applied by many parts of the
government are just two examples of how other activities of the government can be brought
1o bear on security issues. In the context of environmental protection, certainly the actions of
EPA from their view of environmental security contribute to meeting the environmental

goals established in the NSS". One encumbrance to accomplishing the national security

" Ibid. 8.

" Ibid. 9.

' Ibid. 5.

" USEPA. Environmental Security, (USEPA. Washington, Sep 1999).

1-10
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strategy enviconmental objectives is the lack of a coordinating plan at the national

government level. This paper addresses primarily the military department’s responses, but

before this can be accomplished there must be a division of labor above the DOD level.
Many environmental security issues are not a military responsibility and others will require a

coordinated effort of several agencies. However, a plan must be in place before a

coordinated battle plan can be déveIOped. DOD continues to provide leadership in
coordinating with other agencies and at the same time must develop and implement_those
plaps and activities necessary‘ to meet their assigned responsibilities within the NSS. To
address this absence | of this national level planning document, the strategic a.halysis
conducted in Chapter 4 will provide a first attempt to identify the military and non-militarv

responsibilities within the environmental security issues being examined.

E. Rusk Assessment

In the course of this paper it will becomne ciear that our scientific ability to predict
environmental consequences from anthropogenic induced change are somewhere behind our
ability to predict the weather next week. Compe[ent scientists.can look at the same set of
data and reach diametrically opposite predictions. A case in point is global warming, --- alias
the greenhouse effect, alias --carbon dioxide pollution of the global environment. Later in the
paper we will explain the concepts in detail, but fbr now accept this example to illustrate a
one point. First. it is simple enough to deduce that adding carbon dioxide to the air is a bad

thing, which will therefore produce specific consequences — i.e. the earth warms — the ice

caps melt — and we create a water world. However, the interactions of the carbon éycle,

other changes to the environment that are occurring concurrently, plus the natural systems

/.



regulating mechanisms make this an extremely complex system to interpret. So, if you look
in the literature you‘still find fine scientists predicting warrrﬁng, cooling, major climate
changes, minor changeé, and all points. in between. As with nearly all issues we will
examine, there are facts that we know wiih certainty, there is data collected over a relatively

short duration from a geologic perspective, and there is the current body of science to analyze

and interpret the facts. In total, these offer us ideas or alternative views of the future, each

without a preciseness or certainty we desire.

This research cannot proceed in the ambivalence seen in the current body of
knowledge describing the impacts of man’s impact on the environment, but must make some
fundamental assumptions concerning extent and magnitude of the impacts of anthropogenic
induced change. Using the risk assessment model often emploved to quantify consequences
of environmental contamination events will provide a logical frarhework (0 coﬁduct our

analvsis. [n this process: total nisk of an event is detined as:
RISK = probability of the event occurring x severity of the impact (1-1)

An exémple should help to explain. the concept. Each time vou dnive vour car vou are
subjected to a risk of an accident, no maner how well vou drive. The probability of an
accident can be expressed in several ways. inciuding: 1) there i1s a 1/ I0,000 chance of an
accident each time you drive your car, or 2) on average, vou will have an accident once for
each 100,000 miles you drive. These numbers are based on data generated through accident
reporting. For the second term in Equation |-1. the severity of the accident must now be

expressed in quantitative terms. One way of expressing the severity of the impact is--- for
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each person in car accident. 1 out of 100 people die. Your total risk then for dying in a car

accident in this example is:

RISK =1/ 100,000 x 1/100 =1/10,000,000 (1-2)

In words, vou have a one in ten million chance of dying for each 100,000 miles you drive. In

summary, risk is the chance of occurrence multiplied by the magnitude of the consequence.

The reason for this example was to demonstrate that under the uncertain conditions of

predicting future consequences, a risk based approach provides a useful tool to evaluate
environmental issues. and is particularly robust in comparing alternatives. Risk analvsis
suggests that 2ither ofrtwo conditions can dictate that an environmental issue is important to
nauonal secunty. these being issues with a high probability of occurrence or tl;ose with
consequences so dire that every possible alternative of avoidance or miugation should be
examined. Going back to my global warming example. we don't have a good estimate on
the probability of occurrence. but we recognize that potential impacts are destabilizing on a

worldwide basis. and therefore prudence necessitates its consideration under the critena of

the NSS. This is process that will be tollowed in identifving the limited number of

environmental issues to be evaluated in this report.

F. Goals and Purpose

The goal of this work-is to produce a document that both meets standards for good
academic research, which is to advance the body of understanding in environmental

security. and also passes the common sense or utility test. To many these two goals seem

AW



mutuaily exclusive, thus linking them in the purpose becomes a highly risky process. But
as we just determined in our description of risk assessment, where the risks of failure are
far outweighed by the opportunity to contribute in a positive way to our national security,
take the nsk. Early reséarch into the subject of environmental secunity quickly revealed
that the needs for study fell into two general categories. First, was the need for a primer
on environmental issues and how they relate to national secunty. A recent ﬁnding from a
plenary session of several agencies involved in environmcntal»securiry studies listed an

environmental security primer as an essential requirement to help further the cause of

environmental security. From the military perspective, our leadership must understand
the environmental secﬁrity issues. from both a scientific and policy view. To maintain a
military focus the target audience selected for this document is the geographic
Commanders in Chiefs (CINCs) and their staffs. In militarv environmental securitv
acuvities. CINCs haQe important roles to play. however thev amve at the position with
vastly different levels of knowledge on the subject. This document. particularlv Chapter

1s intended to jump-start a commander's understanding of the subject. The second

-
~

contribution that can be made in this project is to begin the strategic analvsis process for
the military. Following the nsk model descﬁbed above. issues can be analyzeci on the
basis of national, then military.impacts.' For those where actions within the National
Military Strategy are appropriate, issues can be prioritized, and responses can be
developed. The task of thivs strategic analvsis will be to define specific environmental
issues that threaten stability and peace. This definition begins with identifying the
candidate issues and then assessing those that are relevant to military activities or have

solutions within the defense component of the government.
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This then brings us to the basis for the second question posed in the preface;

- What is the military mission in environmental security and

how should we be executing this mission?

As with everything that the military accomplishes. the key to success will be careful
analvsis and planning. Military planners and operators need support in defining issues.
assessing potential concerns. and developing plans that best utilize the capabilities of the

military. At the national level. the militarv response should fit into planning based on

- aciueving the goals of the NSS. This research found no evidence of detailed environmental

security planning. nor planning integration at the nauonal level. Comments wll be presented
concerning needs in national level planning just to the extent required to develop the context

for miiiary activities as a complementary part. but this is not a pnmary tocus of this research

G. Products of the Research

This study does not purport to be able to completely close the void by. providing a

final environmental security strategy, but it can make significant contributions toward

pianning and execution of this mission by providing the following:

1) A scientific summary of the major environmental issues to help educate our

leadership on the concepts.

L



2) A summary level study of strategic options in military environmental security
policy. This includes a threat assessment to identify the most critical issues and a
global scale geographic analysis to highlight the regions of highest concern.

3) Finally, this research can propose missions for the military in support of the

national environmental security strategy.

G. A Limie Science=

Many readers may not be familiar with some the scientific jargon and units of

measure that will appear in this document. To assist in understanding the important issues

and make the reading more comfortable. Appendix A provides a ready reference and sanity
check ior the terms of environmental measure. Normal practice ot writing out each term at
iirst use will be tollowed. but Appendix A offers more in descrnibing selected terms appearing

throughout this document. Appendix A also includes a list of all abbreviations utilized in this

document.

1-16
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Chapter 2
ENVIRONMENTAL SECURITY DEFINED

A. Background

| In Chapter 1 you were introduced to Professor Brodie and his view of the misuse
of jargon and also this author’s opinion that environmental security is an often misused
and regularly misunderstopd lexicon of military culture today. Thg data to support this
are cbl‘ear, with éO-ﬁ- deﬁnitions for environmental securnty readily aVailat-)le in just recent
government publications, clearlv there is no accepted definition or consistent
understanding of the term environmental secunity within the United States govemmeht or
specifically the Deparument of Defense. Environmental security seems to have evolved
rom the garly work of Mvers' and others who focused on‘ environmental i1ssues with the
potential to impact international security or world peace and into a term applied 10

encompass any acuvity with the word environment associated with it. At the outset of

this research it was believed that senior militarv leaders understood the definituon of

" environmental security. but lacked an understanding of the underlving scientfic basis for

the environmental issues. As the research proceeded the discoverv of more than 20
definitions convinced this researcher that the Departrnem.of Defense (DOD) lacks a
general agreement on the definition of environmental security. Personally. the real proof
of the existing confusion came from listening to the term environmental security being

used by our senior DOD officials.- At the most recent US Army senior environmental

leadership conference the terrm was used frequently, but each time with a different

' Norman Myers, The Environmental Dimension to Security Issues, (The Environmentalist. 1986) 251-257.
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contextual meaning’. For a three-star general integrally involved with the Army force
structure. environmental secuﬁty meant a force protection issue, keeping deploved forces
safe from environmental hazards in their area of operation. Another senior officer used
environmental security in reference to garrison environmental health and safety
programs, in the context of compliance with state and federal regulations. Wiihin the 26+
definitions found in the literature, both 6f these generals were correct, though it would be

hard to ever be wrong over the range of definitions available today.

B. Exisung Definitions of Environmental Security

A recent study sponsored by the ~\rm» Environmental Policv Insutute devoted
specificaily to the defining environmental security documented the existing confusion’,
but was not able 1o resolve the definition problem. One option considered early in this
study was 1o develop a new term specific to the environmental requirements of the
National Secunity Strategy and National Military Strategy. This approach would decouple
the important national security issues from the baggage of confusion now encumbering

the term environmental security. This approach was rejected because common sense

suggested we have enough jargon already and from a philosophical standpoint inventing
a new term seems a poor approach to reducing the total confusion in the mulitary jargon.
This project requires a definition for environmental securitv describing its goals

and objectives. Presented below are several definitions extracted from a variety of

: King, W.C., Personal communication, US Armmy Senior Environmental Leadership Conference.

(Washington, D.C. March 2000) ‘
* Jerome Glenn and others, Defining Environmental Security: Implications for the U.S.Army, (AEP! 1998).

1
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sources working in the field of environmental security. These definitions are presented to
demonstrate the wide range of views of the term environmental security and to serve as a

basis for defining environmental security for this project.

United States Environmental Protection Agency®

Environmental security is a process whereby solutions to environmental

problems contribute to national securiry objectives.

An Academically Inspired Deﬁnition'ﬁ

Environmental securinv: is the proactive minimization of anthropogenic threats 10

the funcrional integrin: of the biosphere and thus 1o its interdependent human

component.

Army Environmental Policy Institute Studv®

This report did not develop a specific definition. but defined the key elements of
environmental secunty as:

1. Public safety from environmental dangers caused by natural or human
processes due to ignorance. accident. mismanagement, or design.

2. Amelioration of natural resource scarciry.

. Maintenance of a healthy environment.

(V8]

4. Amelioration of environmental degradation.

. Prevention of social disorder and conflict (promotion of social stability).

(]

* USEPA, Environmental Security, (USEPA, 160-F99-001, 1999), 1.
5 A really interesting definition found without specific reference. .
$ Jerome Glenn and others, Defining Environmental Security: Implications for the U.S.Army, (AEP! 1998),

19. ’

(9]
‘
[VP}
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The uncontested winner for a definition that says it all, thus meaning nothing, is the DOD
official definition: ~ DOD Directive Number 4715.1, Environmental Security’

Def nitions: 2. Environmental Securitv. The environmental security program enhances
readiness by msrztunonalzzmg the Department of Defense’s environmental, safety, and
occupational health awareness, making it an integral part of the Department’s daily
activities. Environmental security is comprised of restorarion, compliance, conservation,
pollution prevention, safety, occupational health. explosive safety, fire and emergency
services, pesi management, environmental security technology, and international

activities which are explained, as follows:
a.  Restoration is identificarion, evaluation, containmenrt, treatment, and/or

removal of contamination so that it no longer poses a threat to public health and the

environment.
b. Compliance is meering applicable statutory, Executive order, and regulatory

standards for all environmental securiry functions, including FGS or the Overseas
Environmental Baseline Guidance Document. us appropriate.

c. Conservation is planned management. use, and protection. continued benefir
Jfor present and future generations; and prevention of exploitation. destruction. and ‘or

neglect of natural and cultural resources.
d. Pollution prevention is source reduction as defined in 42 U.S.C. 13101-13109

(referenceinn)). and other practices thar reduce or eliminate the creation of pollurants
througn increased efficiency in the use of raw materials. energy. water and other
resources. or protection of natural resources by conservation.

e. Saferv is a multifaceted program designed 1o prevent acczaema/ loss of human
and material resources. and protects the environment from the potentially damaging
effects of DoD mishaps.

[ Occupational health protects personnel from heaith risks. and includes
occupational medicine. illness and injurv (rend analvsis. epidemiology. occupational
health nursing, industrial hygiene. and radiological health.

g Fire and emergency services enhance combar capabilitv by preserving life and
DoD properry through fire suppression. fire prevention. fire protection engineering, and
emergency responses. '

h. Explosives safety protects personnel, propertv. and military equipment from
unnecessary exposure (0 the hazards associated with DoD ammunition and explosives:
and protects the environment from the potentially damaging effects of DoD ammunition
and explosives.

i. Pest management is the prevention and control of disease vectors and pests
that may adversely affect the DoD mission or militarv operations: the heaith and well-
being of people, or structures, material. or properrv.

J. Environmental security technology consists of research, development, rest and

evaluation. and regulatory certification of innovative technologies responsive to user

needs. .
k. International envirommental activities include bilateral or multilateral

agreements, information exchanges, cooperative agreements, and specific actions;

" DOD, Environmental Security, (Directive Number 4715.]. Feb 1996).
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consistent with the respongipilities identified in subsection £.3. above to bring DoD
resources (0 bear on international military-related environmental matters or otherwise

appropriate (n support of national defense policy interests.

C. Project Definition of Environmental Security

Environmental security requires &ffective response to changing environmental
conditions that have the potential to reduce peace and stébiliq in the word It
is a process to assure accomplishment of the environmentally related actions
specified in the National S,ecurily“ Strategy. Accomplishing our national
environmental security goals mandates planning and execution of programs to

prevent and mitigate anthropogenically induced adverse changes in the

environment.  Further, detailed planning s required (o develop effective

response mechanisms to minimize the impacts over the range of environmental

disasters that could occur.

This definition focuses on mezung the 2siaoitshed goals of the NSS. which should
be the basis for all U.S. secunty pianning. Further. environmental security considerations
within the DOD have their roots in the coatext of prevenuve defense strategy of former
Sec of Defense William Perrys.

The secondary effect underlying this definition purports that cooperation among
nauons and regions 1o solvé environmental problems can help advance the goals Qf
political stability. economic development. and peace. [n the context of peace building,
there are positive and negative aspects of the environmenial securitv issues. Rightfully,

the negatives dominating OUr interest include giobal climate change producing

$ Gary Vest. DOD International Environmenal Acrivities. (Federaj Facilities Journal, Spring, 1997). 8.




catastrophic suffering. mass migrations searching for water and other scarce resources,
and deforestation of irreplaceable tropical forests, just to highlight three. There are
positives from a military sense. One of the existing good news elements of the current
DOD environmental security program is the cooperative relationships being built with
other nations on a foundation sharing environmental management. Many of the military
exchanges with the countries emerging from the former Soviet bloc have begun with
environmental topics. These opportunities can pav double for the DOD. building better
military to military bridges while working directly on the important strategic
The -task as this research now proceeds is to identifv the

environmental concems.

important environmental scarcity and degradation issues and then find the best wavs o

employ the military in addressing these problems.

N\



Chapter 3

ENVIRONMENTAL ISSUES AND THEIR IMPACTS
‘ ON NATIONAL SECURITY

A. Introduction

The goal of this chapter is to provide a fundamental understanding of critical
environmental issues to all readers, which can then serve as a basis for a follow-on strategic
analysis of the national security implications of thesg environmental stress factors. The ©
critical environmental issues™ reflects two realities; 1) there are more environmental issues
than can be covered effectively in this paper. and more fundamentally, 2) not all
environmental issues have national secunity c.oncems. The concept of péin[ Dis sirﬁple
enough. but actually deciding which environmental issues to include is fairly challenging.
Sequential logicai can perceive a threat in neariv all environmental issues. it not as pimary
etfects. cerntainly with secondary or teruary impacts influencing national secuniry. As we see
often in today 's world. human suffering from floods. mud slides. drought. or any of a long
list of calamities may cause the national command authoritv to select a military response as a
component of our aid in these times of intenational crisis. Anv use of military forces has
national secunity implicatons. impacung the readiness of the troops by causing them 1o lose
time to train for their war fighting mission. in diversion of resources from training, in wear
and iear on military eqﬁipment (particularly air transportation assets). and numerous other
spillover impacts.

The environmental issues selected for initial analysis are a compilation olf environmental

stresses 1dentified in works published by the USEPA'. AEPI% and a variety of authors

' U.S. Environmental Protection Agency, Environmental Security. 1999.
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FIGURE 3-1
WORLD POPULATIONS, 1750 - 2100
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included in the bibliography. Note, population trends analysis are included here even though

population is not generally thought of as an environmental issue, although there are strong
arguments that it should be from the point of humans as part of the ecosystem. What is clear
is that you cannot consider environmental security issues without concurrently examining
population trends, particularly in a regional context. For example, consider the water scarcity
issues in several regions of our country. Water scarcity evolves from pollution of existing
sources. reduction of supplies, and increases in dgmand from either per capita demand
increase or rﬁore people using at the same rate. but generally from all of these occurring
concurrently. Analyzing water issues as we will do shortly must look at population trends as
one of the vanables in defining and predicting water demand. Therefore_.we will begin this
analvsis by describing the population trends on a regional scale. which can then support on

i

follow-on issues assessments. The issues for review are as follows:
s Population increase
- Urpanizauon

» Global Climate .Cha.nge

Carbon dioxide and greenhouse gases

Global warming

El Nino / La Nina

Ozone depletion in the stratosphere

e Land Use
- Deforestation-- Biodiversity and the rainforests

- Desertification
- Hazardous wastes
+ Water as a scarce resource

- Oceans

* Jerome Glenn and others. Defining Environmental Securiry: lrhplications for the U.S. Army, (Army
Environmental Policy Institute, 1997).

(B8 )
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B. Populauon

The inqrease in the human population of the earth over the last 250 years is depicted
in Figure 3-1. including projections for the trends until the year 2100°. The impacts of
rapidly incfeasing population are sufficiently evident that it no detailed explanation is
needed. but one concept, carrying capacity, helps apply the fundamental issue of
overpopulation to environmental security analysis. Ecology and human geography share the
concept of carrving capacity, which defined in general teﬁns, is the total population an area
can support over an indefinite period of time”. The concept is readily reflected in livestock
management practices where ranchers understand that a grazing area can sustain only a

°rtainA number of cartle or sheep.. per acre without long-term damage to the supporting
vegetation. In the context of a specific region of the world carrying capacity is determined
bv the soils. the weather. abundance of water. and sev‘eral other natural svstems varnables.
This absolute value of carrying capacity can be influenced positively by technologv with
irrigation and fertilization. and it also is impacted by weather. drought for example. but over

the long term onlv a finite number of animals can be supported without damaging the lands

abilitv to sustain its natural state. In human terms this principle is equally valid. Technology

can change the absolute value of human carrving capacity by allowing us to resource one

region at the expense of another, but there are finite limits to the number of people any region

* arthur Getis and others. Introduction to Geography. (Boston, McGraw-Hill. 1998), 192.
* Ibid, 217. ' )

[9%]
1
(V9]
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can support and therefore. the total popuiation the entire world can support5 . In reading some
of the more academic philosophies of human activity there is a beliéf- purported by some that
technology can overcome the fundamentals of carrying capacity; to date this has not proven
valid. ‘The critical resources of water and energy6 are renewable at finite rates, which

humankind can impact only in minor percentages of total use. In the final analysis we

remain one of the more fragile organisms on the planet, bound to a relatively constrained set

of environmental conditions of temperature, oxygen. moisture, and available energy sources.

1. Issues of Population:

When one considers the céncept of carrving capacity in the context of Figure 5 - | the
abiding question is obvious. what is the total carrving capacity of the earth? Figure 3 - |
predicts a steady state world population of between |1 and 12 billion people by 2100. nearly
double the current world population. No one trulv knows if the earth can sustain this number
of people. but most scientists studving the issue are quite skeptical. [f thev are correct. two
scenanos seem plausible. First. renewable resources are mined (withdrawn at a rate faster
than thev are replaced by the narural svstems) unul population far exceeds the carrving
capacity. This initial population surge would then lead to a population die off t0 a new and
often lower carrying caﬁacity.. The chaos iﬁ the world from this tvpe of event suggests a
highly insecure world for all nations. The second option is just a bit less threatening, but still
bodes serious security concemns. Here, resource limitations come to bear on the rate of
population growth so that the 11-12 billion predicted population is not reached. Famine.

disease. increased infant montality, and the reduction of life expectancy could come to bear as

* Lester Brown and Hal Kane, Full House: Reassessing the Earth’s Carrving Capaciry, (Norton, 1994).
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regions reach limits in their ability to support the existing population. This scenario seems to
be playing out in Africa where over the last ten years population growth predictions for sub-
Saharan Afriqa have been reduced to reflect the impacts of disease, AIDS as an example, and
other constraining factors.

, Tﬁe obvious follow-on question to our concern for the global picture and one that
immediately relates to our environmental security analysis is, are there regions of tﬁe world
that have already exceeded their carrying capacity or are in danger of doing so in the near
term? To begin to address this question we need té examine existing and predicted
population growth in a spatial context. Figure 3-2 is a representation of the most heavily
populated regions ot the world while Figure 3- 3 shows the countries with therhighest natural
growth rates. - Neither of thesel figures in anv wayv can be interpreted as defining regional
carrving capacity. therefore do not directlv answer the questuon at hand. Much more detailed
analysis of specitic regions will be required. but some summary judgements are possible. If
we overfay areas of high population with areas of high growth rates. these regions are the
most hkelv w0 vield problems in the furure. A complete analysis of this type will be
conducted in Chapter 4. but to illustrate the point we see that the west coast of Africa from

Cote D’'lvoire 1o Nigeria. areas of Bangladesh and east [ndia. and the Philippines are areas

that meet these criteria. Later, as we collect our environmental issues data to locate areas

with resource limitations, we will be able 1o overlay our population data to identify areas

with large and growing populations that also have resource limitations. This begins to
identify areas where the carrying capacity concept may come into play. This process of

spatial representation and matching of data is the geographic information system process that

® Energy is used in the broadest sense in this context. This includes food. power used to support human activity
such as heating, transportation, and many other energy consuming activities.
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has 2volved in the evolution of geospatial sciences and will be 2 primary ool for the analysis
phase of this project. To the extent that the data is available, environmental issues will be

-~

quantified in the same spatial scale as seen in Figures 3-2 and 3-3, thus allowing for
comparative analysis of regions. The power of this process will be discussed as the data is
presented, but a caution must also be issued. All data of this report is at the macro-scale and
cannot be used in too precise a Way. This report intends to screen the world to help identify
areas where theater commanders should focus for their more detailed analysis. Further. it
pfoposes a methodology that is applicable at any scale where data 1s available.

A final complicating factor to the rigorous application of the principle of carrving
capacity to human population is the trend in urbanization of the world population. Figure 3-4
shows the results ot a trend through which the world population has transformed from 80 %
cural in1923 10 one of 32 % rural today . In some ways urbanization increases the efficiency
of a society in energy and resource use. but at the same time it creates high demand areas in
regrons that ma).'v not be capable of sustaining the population. Consider the air pollution
problems of major ciuies such as Los Angeles. Mexico City. or Santiago. Chile. or the water
concemns for places such as Tucson, Phoen.ix. and numerous other towns in our Southwest.
These are regions that have exceeded their carrving capacitv of at least a part of their natural

environment. Depending on the stage of economic development of the sociery. these type of

issues have a greater or lesser impact on the population. but all represent the possibility of

environmental induced strain.

" Edward Espenshade and others. Goode's World Atlas. (Rand M*Naily. 1995). 27.
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2. Population Impacts.

Most of our analysis of the impact of population increase will be developed
concurrent with discussion of the environmental factors. but we conclude this section by
proposing that there are rggions of the world that cannot, even under normal environmental
conditions for that region, support the population that now exists. These regions lack one or
more critical resources--- be it water, clean air, or energy (total: including food. power, and
transportation energy), to provide for the basic requirements of the people. This is the belief
for parts of North Africa today. In this situation people first mined the natural resoﬁrces‘
consuming water. wood and other what should be renewable resources at a rate faster than it
can be regenerated. Thé next response is to migraté to a region where thev can better
supported. but these opportunities are less and less in a world of 6 billian. In natural svstems
ihe {inai stage 1s the die-off phase. People. however. tend to respond more aggressively and
where thev have the means vn'il trv to take what thev nesd from others. However it evolves.
the population must fall back to the sustainable level. Often die-off is precipitated by some
environmental event such as drought or flood. but war is also a possibility. The net impact 1s
the population suffers a significant reduction over a short period ot time. Obviously, each
level of this hopeless cvcle increases the insecunty in the region. until complete chaos exists.
The term hopeless is employed in the sense that the basic principle of carrying capacity
cannot be violated over the long term, thus it is hopeless to expect a region to long support
more than its capacity for people. Worse, the first phase of mining of renewable resources
actually reduces the natural carrying capacity of a land for some period, verv long periods in

1
fragile environments such as deserts and cold regions. To illustrate, this concept is well

reflected in the pracess of crop rotation in agriculture. It is believed to be more efficient to

N\



overuse the land for a period. but then allow time for it to recover. However. it has been
proven that without this recovery period the land produces less and less until it becomes
unusable. As we will see in our discussion of desertification, people can do this to the entire
ecosystem of an area.

Many authors continue to suggest that it is the resource side of the problem that must
be addressed. Paul Simon’s excellent book on water, Tapped Out—the Coming World
Crisis in Water and What We Can >Do About It?, tzikes this general approach, fix the water
problems and we can avoid the crisis. His concern with water and his solutions are all valid,
but the underlying principle of carrving capacity cannot be violated. In the water context. the
climate provides a watershed onlv a fixed amount of water. There 1s a minimum amount of
water required per person per day for survival. The equation then becomes straightforward:

Gallons of water available per vear = Human carrying capacity
Gallons per person per vear

Conservauon and other management tools can change the values in both the numerator and
denominator. but cannot change the form of the analvsis which calculates that only a certain

number of people can be sustained in a region. based on its natural environmental settng.

C. Global Climate Change

1. The Science.

Today, assessing how man’s acuvities are affecting the global climate 1s the most
contentious issue in environmental securnty analysis. Our environmental security analysis

begins with this issue because of the high risk of the consequences of climate change. The

% Paui Simon. Tapped Out (Welcome Rain Pub.. 1998).
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discussion thai follows documents the considerable existing uncertainty in the area of
predicting future global climate change, but based on considerable the anthropogenically
produced changes to the atmosphere, there is a sufficiently high probability of_ occurrence
that the nisks must be seriously considered. Most authors writing on this subject will
immediately describe the issue as global warming, through their discussions admit a great
deal of uncertainty exist.s in the analysis. Understanding global climate change is technically
complex. because of the many dependent variables in the defining equation and because of
the natural vanability of Aweather even without anthropogenic induced change. Breaking the
impasse on the science of global climate change has seen considerable international
cooperation. and in a sense can be considered as progress in security because of the many
fruitful and cooperative discussions that have ensued. In 1988 the Intergovemmental Panel
bn Climate Change (IPCC) was formed. Over time the [PCC ‘has produced several
significant studies on this subject and besn a vehicle to build consensus and reduce
uncerrainny. The [PCC results will be the basis for discussion at several points in this review
and analysis. particularly in areas where wide diversity of opinuon exists.

Most reputable scientists now believe that global chimate change in the form of
global warming caused by anthropogenic activity will occur. This will be produced by, a
senies of interwoven phenomenon including but not limited to deforestaton. burning of fossil
fuels, industrial pollution. and urbanization. Assessing each of these factors independently in
a static model is well within our scientific capability today. but is not reality. Each activity
dependently occurs at different rates and concurrent with the natural variability in weather
and climate. To illustrate where we are in our understanding take for éxample Figure 5-3.

showing changes in world temperature over the past 135 vears, the period for which we have

N\



measured data. Many look at these data and conclude that global warming is an acute issue
brought on by man’s-abuse of his environment’. However, others point out that this change

over such a minute period in the history of the earth is well within the statistical bounds of

natural fluctuations'®. Logically, what we see in Figure 53 - 5 must be both, the forced

changes caused by man’s inputs imbedded in the natural vanability for that period; we
unfortunately possess an insufficient undersianding 1o separate the two components at this
time. To understand global climate change this study begins by presenting the known factors
in the equation. primarily: the greenhouse effect. the carbon cycle. and the increase in
greenhouse gases produced by man’s activities. With these as a basis we can bui]d‘on the
Kknown science to more competently examine the feasible range of measured changes in our

environment and then applies these o analvze possible human impacts.

? Rodney White; North, South and the Environmental Crisis (University of Toronto. 1993) 39.
'® Horel and Geisier; Global Environmental Change. (John Wiley. 1997} 9.
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FIGURE 3 -5

Global Temperature Changes (1861-1996)
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Sourca: IPCC (1995), updated.
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The Greenhouse Effect is a term applied to describe the natural process by which the
eanh’s.a[mosphere converts the sun's light energy into heat to warm the surface of the earth
and make our planet inhabitable for all living organisms. It inherited this name because the
process occurring in the earth’s atmosphere is not unlike the way a greenhouse functions,
naturally collecting and retaining the sun’s energy to help its plants grow. First we need to
discard a common error, the greenho;lse effect is not the BAD process that causes global
warming, though many authors misuse the term as such. It is an essential function of our
ecosvstemn without which we could not habitat the earth.

Figure 3-6 is a simple model of the heating of the earth’s surface by the sun. The

sun’s energy arrives at the top of the atmosphere as visible or short wavelength radiation.

with mest energy in the range of 0.3 to 0.7 micrometers. Each component (gases and

partucles) of the atmosphere has as a basic chemical propertv. how it interacts with
electromagnetic energy that strikes it the basic opuions are (o reflect. absorb. or transmit
(pass through) the energv. For example. oxvgen which makes up just over 20 percent by
weight of our atmosphere absorbs most light below 0.3 micrometers wavelength and is
transparent to all longer wavelength energy. v:\iitrogen (8O percent ot air) 1s transparent to all
visible (short wave length) and heat radiation (long wavelength or infrared). Studying Figure
3-6. we see that a small percent of light is reflected by clouds. the ground. and the air; a small
amount is absorbed by the atmosphere; but about half of the sun’s light energy is absorbed by
the ground. The light directly reflected by the ground does not change wavelengths therefore
it will travel back into space because it is still transparent to the atmospheric gases. The

unreflected energy reaching the surface is either absorbed at the surface. or is captured for

use by the photosynthetic plants. The adsorption of energy by soil. rocks, and other matenals

7N\



FIGURE3 -6

GLOBAL ENERGY BALANCE

Source: Alan Strahler and Strabler. Introducing Physical Geography.
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warms the earth’s surface. Since.all warm bodies emit heat energy (see the right side of

Figure 3-6,page 3-17) as longer wavelengths radiation (4-20 micrometers), the earth’s

surface becomes a source for infrared radiation. This long wavelength energy is transparent

to oxygen and nitrogen, but is absorbed at different rates by several of the minor constituents

of the atmosphere, both naturally occurring and anthropogenically generated substances.

Gases that have the ability to absorb thermal wavelength energy have been defined as the

greenhouse gases. Table 3-1 lists the greenhouse gases. their current atmospheric

further our understanding of the greenhouse effect.

concentrations. their relative adsorptive capacities, and other important properues that will

TABLE 3-1
Properues of Greenhouse Gases
. Preindusmmial \ Concentranon ! Adsorption . Residence Strength of
! Atmospheric | [n1994 | wavelengthsin © Time in the Adsorption
Chemiczl . Concenrranion ’ | the thermal range .~ Atmosphers Relative 10
) | | (micrometers) (vears) i Carbon Dioxide
. Carbon Dioxide. CO- ! 280ppm | 360 ppom >10 : 3 | ]
i Methane. CH, | 08ppm | 1.7ppm | 3&7 ! 10 # 20
Freon. CFC-11&12 | 0 | 0.76 ppd §-12 ? 100 ; 12.000
i Nitrous Oxide. N-O | 0.288 ppb | 0.31 ! 8 130 f 200
[ Water. H,O .‘ Varies | Varies | 3.6.& 11 - E -

Notes: pom = parts per million in volume 10 volume ratio; ppb

= parts per billion by volume

Sources: Compiled from Noel de Nevers, Air Pollution Control Engineering, (McGraw-Hill, Boston, 2000) 523;
Hore!l and Geisler. Global Environmental Change, (John Wiley, 1997), 98: and John Houghton: Global

Warming; the Complete Briefing (Lion Publ.. England, 1994) 22.

]
The greenhouse effect is then the warming of the atmosphere close to the ground by

certain gases adsorbing heat radiated from the surface materials. Since, the amount of energy

input by the sun is relatively constant from year to vear, the temperature of the earth’s

atmosphere is regulated by the concentration of the greenhouse gases listed in Table 3-1.

3-18
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Now each of these gases enters and leaves the atmosphere at rate determined by both natural
cvcles and inputs from human activity. I[ncreases in the quémity of these gases present in the
atmosphere disturb the balance aqd could influence atmospheric temperatures. Many very
knowledgeable scientists conclude that the growth in greenhéuse gases, particularly carbon
dioxide, is causing an Enhanced Greenhouse Effect and this is the cause of the global
warming reflected in Figure. 3-3'"" At this point we will examine the greenhouse gases on an
individual basis to better interpret both their fate and impact in the environment. beginning
with the least impacting and working to our majof concern. carbon dioxide.

Nitrous oxide (ves. also known as laughing gas) is relevantly minor component of the

environment and one that shows only small growth over the perniod shown in Table 3-1.

There are both natural and manmade sources for nitrous oxide including natural biological

processes. chemical manufacturing. and motor venicies. The rate of producuon from ail of
these sources is not large enough to suggest large changes in the concentration in the future.
Nitrous oxide is a gas that persists in the environment and is a strong adsorber. thersrore any
new major sources would be of concemn. but again‘ without significant changes in
concentration nitrous oxide is not expected to further impact the global climate.

Freon is a common name for the most important forms of a class of chemicals more
precisely described as chlorinated fluorocarbons (CFCs). CFCs are a class of manmade
chemicals used in the past as a carrier gas for aerosol spray cans and more importantly as the
We will be much

gas used to produce the cooling reaction in refrigeration compressors.

more interested in CFCs when we examine the problem of the hole in the ozone layer. but

"' john Houghton; Global Warming. the Complete Briefing (Lion Publ., England. 1994).
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CFCs are also greenhouse gases because they adsord thermal energy. Table 3-1 shows that
CFCs are extremely adsorptive and higlily persistent. thus at even small concentrations can
contribute to the enhanced greenhouse effect. DeNevers estimates that 24 % of the manmade
enhanced greenhouse effect is the res;ult of CFCs'?. If their concentration had continued to
increase, they would have been of a major concern. Later in the chapter we will hear a good
news story of a worldwide effort to eliminate this problem. The bad news of CFCs as a
greenhouse gas is that even though we are reducing thé concentration of CFCs in ‘the

atmosphere. an atmospheric residenc_e time of 100 years ts going to make recovery very slow.

Methane is'a naturally occurring gas that is also a by-product of many indust.rial
processes and is the major component of the fuel “natural gas™. Brochemical reactions that
proceed in the absence of oxygen produce methane (swamp gas) as a by-product. Wetlands
and paddy agriculture are ihe majo_r sources of methane. followed bv sources from the
Because methane is 20 umes stronger than CO- in its

fivestock production industry.

or

e2nnouse impact. is increasing. and has sources that are crossiinked to populauon. methane
is a concern in the enhanced greenhouse effect.

Carbon dioxide (CO-j concentration in the atmosphere is the big | issue for the
anthropogenic sources of the enhanced greenhouse effect. There is complete certainty that
carbon dioxide is increasing in the air and that burning of tossil fuels is the cause. Figure 3-7
show; the trend in carbon dioxide concentration over the past 300 vears with an expanded

view since 1960. One perfunctory suggestion. notice the striking similarity in shape between

igure 3-3

M

and Figure 3-7? A mass balance of the total carbon in the environment as

depicted in Figure 3-8 shows that fossil fuel burning and deforestation (details of

> Noel de Nevers. Air Pollution Control Engineering. (McGraw-Hill. Boston. 2000). 517.
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, FIGURE 3 -7
Carbon Dioxide Concentrations
a) 1700 - 1990s

b) 1960 to 1994 as measured at Mauna Loa Hawaii
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Source: John Houghton. Global Warming ( Lion, Oxford. England, 1994) 31.

/N



FIGURE 3 -8
THE CARBON CYCLE
1990 data
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Source: John Houghton. Global Warming ( Lion. Oxiord. England. 199
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daforesiation will be discussed later in this chapter) are adding CO: o the air 1aster wan wic

nartural sysiems can remove it, with a net increase of 3.5 gigatonnes per year.

A misconception in global warming brought on by some misunderstood science in the
news media 15 that carbon dioxide is produced because of improper burning of fossil fuels.

COs is the clean by-product of the complete combustion of all fossil fuels and is not created

by improper buming. Chemically,
Coal/petroleum/natural gas/methane + oxygen > carbon dioxide + water

Poor combustion processes produce carbon monoxide (CO) which is an air pollutant because

of its deieteripus health impacts, death being the most acute. The onlv method to reduce CO-

production in burning coal. gasoline. or natural gas is to burn less fuel.

The fate of the carbon dioxide in the air is described as a part of the carbon cvcle
tllusirated in Figure 3-8. a complex—dynamic svstem ot chemical and biological processes.

First. recognize there is a natural or good concentration of CO- in the air that 1s essential for

the photosvnthetic reactions in green plants. On land. photosvnthesis captures COa. storing

carbon in biomass and releasing oxvgen back to the environment. This carbon can be

released back to the atmosphere by natural decomposition or human activities. The reactions
in the ocean are more complex because both chemical and biological processes come into
play in transporting CO- from the air to the water. through biological processing. and finally

10 either return to the air or cause sink into the ocean where it is retained for long period.

One of the uncertainties in global warming is understanding how the theory of

chemical reaction kinetics will come nto play. We know that for all chemical and biological

AW



reaccions. an increase in one of the inputs (reactants) drives increases in the rate at which
reactions occur and the quantity of products produced. This leads to a hypothesis that an
increase in CO, in the air can/will cause an increase in uptake rate of CO and thereby
compensate for or moderate the rate of increase in CO- in the atmosphere. However you
evaluate the science of this theorv, studying Figure 3-7 shows that this regulation has not
occurred or is not large enough to counter-balance the large CO, inputs we see today.
Houghton and others‘ provide excellent discussions of the many different scenarios to predict
carbon dioxide copcentrations in the vear .’210'013 . In all of these the main controlling factor

is not the science, but the rate of fossil fuel burning. At best they present options where CO,

levels off just over 400 parts per million (ppm) and the direst estimate has CO. exceeding

700 ppm by 2100. We have now reached our first major uncertainty in understanding how
carbon dioxide will impact the global ciimate based on manmade and natural processes ---

what will be the concentration of CO- in the air in the future?

Summarizing, Table 3-2 presents the release rates for greenhouse gases (GHGs) as
self-reported by the major producers in the world."" The United States produces 23 % of the
world’s carbon releases and our burning of carbon fuels continues to increase over time.
Without a paradigm shift.in use parterns, into predictable future there will continue to be a

growth in the greenhouse gases mainly in CO- production.

- 2. Impacts of Global Climate Change

We have alluded to the fact that the great uncertainty today challenging scientist’s

> John Houghton; Global Warming, the Complete Briefing, (Lion Publ.. England. 1994), 37.

" EPA. www.epa.gov/globalwarming/emissions/international/inventories.htmi. April 2000.
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Table 3-2

Aggregate Greenhouse Gas Emissions,
Excluding Land-Use Change and Forestry

~ (MMTCE)
Country 1990{ 1991] 1992] 1993 1994] 1995 1996
Australia 113.4] 113.4] 114.5] 1145] 1156] 1188| 1216
Austria 21.1] 2231 207] 204] 204] 215 219
Belgium 379/ 39.0{ 383 379 394]  396] 414
Canada 163.1] 161.5] 164.7| 168.0] 1729 178.2] 183.1
Czech Republic 52.4 48 2 445 43.0 40.9 412 419
Denmark 19.5 22.5 21.1 21.5 225 21.5 25.3
France 151.9] 158.0] 1550 147.4] 147.4] 149.4] 1533
Germany 329.8] 316.6{ 303.4] 300.1] 296.8]. 292.8] 2976
[Greece 28.7] 287 290] 293 298] 306/ 313
lireland 15.5] 15.4] 155 155 16.0f 16.2] 163
|[Japan - 333.2] 339.9] 3465 3432 363.2| 368.8 -
Latvia 9.7 8.0 7.0 6.0 53 52 4.9
Monaco 0.03 0.04 0.04 0.04 0.04 0.04 0.04
[Netherlands 592] 610] 804/ 610/ 518 639 4853
[New Z=aland 19.8] 198 199] ie¢l 198] 198] 204
INorway 15.0 144| 140l 143 152] 153] 161
[Stovakia 19.8] 174 180[ 152] 1a42] 148] 150
|Sweden 178 178 178l i7el 185 183] 198
[Switzeriand 147 15.1]  14.8] ias]  1a2] 144] 148
[Uniec Kingcom | 206.7] 206.7] 200.5[ 1sa3| 192z 1896 1953

[Uniteg States” | 1.532.1[ 1.620.0] 1.645.2] 16750 1.713.2] 1.733.9[ 1.790 5]

- Data not availabie :
= Emussions data taken rom the latest “Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-1997.

Source: www ega.govigiobal/warming/emissions/international/inventories. humt, April 2000.

understanding of the Enhanced Greenhouse Etfect is defining the relationship between

changes in GHGs concentrationsin the air and changes in the climate. A consensus of

scientists today believe that increases in CO, will have a-direct impact. on temperature.

simply stated. increases in CO, will produce increases in global temperatures. Comparing



Figure 3-7 with Figure 3-5 seems to indica[e a very strong correlation beiween the two
variables, but this is much too simpﬁstic an approach to be valid. Predicting temperature
change within the dynamics of the greenhouse gases and the natural climate change is the
primary source of uncertainty in the global warming debate. Complex computer models have
been developed and are being continually updated, but each has its strengths and weaknesses.
A wide range of pfedictions exists, but they generally fall in the 0.5 - 5.0 °C range. Without
the details of the many strengths and weaknesses in our ability to model our climate, we have

reached a second major level of uncertainty, knowing how much will the temperature change

if the greenhouse gases increase.

To proceed further with our analvsis of esumates of impacts trom the enhanced
greenhouse effect. we must choose a temperature prediction from among the range available.
Because thev represent the best consensus of scientists worldwide and have received the
most scrutiny. we will use both the range of temperature rise caused by the enhanced
gresnnouse etfect and continued increases in GHG emussions worldwide projected by the
[PCC and supported bv USEPA. or 1 to 3.5 °C temperature increase by 2100'". Here we
introduce another level of uncerainty into the global warming debate. and arguably the one
of great contention in the scientific communiry. Again. interactions berween svstems. actions
and counteracuons of the carbon cvcle. and other processes make it complex for us to
understand how atmospheric warming will change the earth. Based on our understanding of
climate and weather today, a risé in temperatures worldwide and changes in temperature

distribution spatially and temporally will change weather and climate over the earth. We

know weather is primarily driven by the sun’s energy being unequally distributed over space

Y EPA. www.epa.gov/globalwarming/publications/reference/ipcc/surmmary/paged.himi. April 2000.
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and tume. Higher temperature will produce more evaporation from the oceans and this will
increase rains, somewhere. Higher temperatures over land will increase evaporation of soil
moisture, increase dry soil temperatures, and melt ice. All of these factors will combine to

change the weather patterns of a particular region, in both frequency and intensity of events.

Sea level rise has been the issue that seems to have captured the most attention, but
the're are many other equally important possibilities that must be assessed, particularly to
apply in our study of environmental security. Based on scientific analysis to date. we believe
the range of sea level rise will be berween -1 and -6 meters. not a particularly informative
range to use in assessing impacts. We do have a general certainty of the tactors that enter
into this calculation. First. we know that warmer water occupies a larger volume than cold
water. sO as ocean surface temperatures warm because of contact with the warmer air. the
depth of the ocean will increase. The more difficuit ractor to calculate is the depth change
attriputable to warmer air temperatures occurrihg in regions with snow and ice cover.
Whether and how much ice will melt under different \»‘ﬁing predictions vields the wide
swing n the estimates sea rise estimates. Using the [PCC warming estimates as a basis for
temperature rise'®. Houghton predicts a 50-centimeter (1.635 teet) sea level rise by the vear
2100. The most detailed staustical analysis of sea rise predicts 33 cm cise by 2100 as the
most likely result with a 10 percent chance ét" sea rise reaching 63 centimeters. and a |
percent chance of a | meter rise'’. This rse coupled witﬁ natural land subsidence in some

lowland regions could have large impacts in several critical areas of the world. Bangladesh

'i’ IPCC. Climate Change 1992, the Supplemental Report to the [PCC Scientific Assessment.
' James Titus and Vijay Narayanan. The Probability of Sea Lavel Rise. (EPA. Washingron. D.C.. 1993).



HOUGTHON’S PREDICTIONS OF CLIMATE CHANGE

FIGURE3 -9

Estimates of regional changes by 2030°

In the IPCC 1990 report,
estimates were given for -
climate changes by the vear
2030 under 3 business-as-
usual scenario of
greenhouse gas emissions,
for the five regions shown
in the map of Fig. 64, These
restanal esBmates can be
summarized 35 follows:

Central North America
Warming varies irom 2 to
4*Cin winter and 210 3°Cin
summer. Precmitation
increases up to 15 per cent
ini winfar whereas there are
Jecreasesof 5 to 10 per cent
i1 sumnmer. Sadl moisture
decr=ases in summer by

1S t0 20 per cent.

Southern Asia
Warming vartes from 1
2°C throughout the year.

Precipitation changes little
in winter, but in the
SUZTINET MOAS00N INCTeases
by 5 to 15 per cent’.
Summmer soil moisture
increases by 5 to 10 per
cent.

Sahel region of Africa
Warming ranges fram

1 10 3°C. Area mean rainfall
increases and area mean
sail motsture decreases
marginally i summer.
However, within the region,
there are areas of both
increase and decrease in
rainfail and soil moisaure.

Southern Zurope
Warming Js about 2°Cin
wnnter and vanes from 2 %o
3°C in summes. Therz is
scre indicatwn of
increased precipitatian in

" winter, but summer
precipitation decreases by

5 to 13 per cent, and

-summer soil moisture by 15
"t0 25 per cent.

Australia

The warming ranges from
1 t0 2°C in summer and is
about 2°C in winter.
Summer precipitation
increases by about 10 per
cent, but the models do not
produce any consistent
estmates of the changes in
soil moisturce. The area
averages hide large
variations at the sub-
continentzl level.

£, 6.4 Map of reglons chosen for
23tizxates of reponal climate
change.

Source: Jonn Houghton. Global Warming ( Lion, Oxford, England. 1994) 84. After the IPCC, 1990.
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2. Will the predicted incrsases in rain in the winter recharge the aquifer
sufficiently so that additional water can used in irmigation in the summer over an

indefinite period and possibly increase production through a longer growing season,

b. or, will tfue needed additional summer withdrawals further deplete the

aquifer and deplete the water supplies throughout the aquifer inc]uding drying up

much of southern Texas?

Our scientific understanding does not allow us to definitively answer these questions
today and this is for one of the most studied hydrologic systems in the world. Clearly in the
country in the world most capable of mitigating them. the impacts on economics. qualitv of

lite. and other secondary impacts could be immense.

On a worldwide basis Table 3- 3 is a svnthesis of predicted impacts from regional
climate change based on [PCC Global Climate Change studies as summarized by USEPA.
The strategic significance of these data wiil be analvzed in the next chapter. but here we can
examine the trends seen. Regions such as tropical Asia and Atfnca relving on single crop
agriculture and subsistence farming are particularly wvuinerable to changes in weather
patierns. Vector and waterborne disease is expected to rise in the developing regions of the
world and areas where more extremes in weather will increase the frequency of weather

driven disasters. ‘Many of the environmental issues we will discuss later in this

7N\



supqoud

M pasnpuy
W pun aseasip
U S25RI0L |G

‘woLy v jo ajdoad
MNP JO eI a0
i afiunmp sy
PINOM uo Y
Aq paeqraouxa
ISIISHY Jo 5Ky |y

vonRpun
pue Supooy
o) dpcpuouma K8y

UIDIUOD fO
LIDP PN O Tpoo).)
OV s papedig
WBOIS U Sppnaniied
SUDN PUSHOD U
W HOISOID fiseo )

sadunpd Joling oy

RUTTHE (WU U

Aueiangy “pungpop
10 S0y piaog w
SATMS wois o ysiy

poaixn
spedun 28} oy

puredya sunpqord
fesodsip siseas pun
NOHTHURY Py
sorpddng smay wngin
ISIMSUSI (e

01 amsodxa paseaiong

ADMO Spueap
Funemy sayfyy
sputap Sugjon y
e pangeyguy
Ao jo Fupooy

‘speduy wngy

-Auop mepamm ing
‘papaad nonanpoad
Pasedsu Kpes)

YMOS dY) g SISRAINY
MEIPOU dARY

PINOD 1y ou
Ao maym
LIV RY HHON 2Y)

W Ry oy apnoe ng
PInod sadepoys s

uonanpoad
 PASIDIDNY DIsSOy|
‘stand pur suoseas
Fuamosd o gy

WY podudzAnmns padiasuaia aasuor

supqond

Iy padepn
W3 pun aseasp
LIERAIRTRTTNTTHING

sansst ading oy

siaedun 2y o,

fpooy

HUUH AW IRTN
sy pue aous
10 S80p tsuase duosd
Winoap uy eopua
DINOY 13KM Danpay

LR

A1 jo sounoy
22IRIS IMeay Apunaqe
Aunu up wmoauos

) AMNdYV ey
WIMOS pun jaug
safddns ug nonanpay

‘sassanand oo
LRI I TRSR S B TE T
OSSO a0 iy
PIPDY P Sapgny
Yy uy uogendiaand
Pasiasig

23iey ag
Moo wonaFas pun
SPOS JO SUOINIMEY

oysnong papadao
siaedun sofepy aaaon
puey o uomuonxap
leanuggng ui

SIS0) JO S50§ “(ou
UL HOLRDL1as )

S[AAD[ 1AM

ponos o) yldnong
HUEHIERWEITIV

R TR TPSTRY
pagasip £psopy

Spuegst e ‘pusfeny
MIN “vjesuy

WAUUOD My,

m:@:—:.:u— 9
1) 10 Sy

visejesny

IRTRYAV

adoang

Ijeuil|) uo $109y)

[UHERY
BT RUIERHIHYTRITIN
NN IS )

sadimnpy vilne oy

(AT RITRUH TSN
OISO MYy o
vivy
LIDISIAN prIy

.

uegd o s oy ,

IS Mg
LIRRES TIRTITR SN

o

PAIRPUIGL W
Al oo o

sonpching

(AL TTRTTH I
IR TS CSpan oy
WdauaHEns e |

T poappoand
Wownde jopn

g ogckdng
ERILANRHUTT IR RTTTTIN]
e ddng
VA ISR oy

My
SN TR RN EYREY
spuepsand papuedan
LRI LRGN

M BONINPY
TR
(BRI R U HETTTIOY
1 o eofaogy
O ey

sy eaaduen |

IV,

SISERUOSOIS IS
et anuap e
ISRISIP MG 1A

PUE J01DA 1y dsedon|

e nd/Funuieavqo|3a09 vda amas ¢ VIS 2208

PMMpand suoy

Eaf] veamyy

B

s g paonjdap
Suotne spedun
S peanen Ao
IPapoagy spuzao|
datidupond pe allwe )

wieydpony o poppe
ANOOD T PG

spurpang e sonpddine
NN K DS
ey es s
PUEMOY [0 GoOLepunag

L0006 m dy)y

5W9)sLg Jvyseo)

nn—::\ "y
e paseaug asn
£Rs202 g safumy )

S)udWY) s
U

G
P smpndiny

01 DAIMSHAS

e sdor g pposd
[ RIGRTTIT W SRY

P pue oganposd
msaomgy csasesyp
PLNIEU OF djgeimpn

spdug sput pun
sd “saflueyd jpewg

HoNINPOLG
19(1,] puw pooy

soedun jruoseas
Mo se ey g
WEIPI™ SIde )

mauaams

w s .,_:w.
e uhy _dvz:?_uv—«
Sjouns u g
pur Guudg paseasauy

$2IN0SIYY

JECILFAY
pue {Jojoaplyy

SPUepom

10 Ankap sanogua
Jononnguisyy

1 $auey )

(NI ASTATHRTTIANY
10 ssop s ()
HOHIENA jo 2o
sputidon pue sisaaoy
R G RURSTITS

WdsLs003)

SMINNOD dagsndug
P s Gy
A o oegg
ueseye

sy [eardog |

j

RIS TITRIY
Pue gy epnee )

Ly HIRLN]

d OShoyuoI) pasueyu jo syedu jruomay
L-ter

oy
apdueifoa

SLOVdJIWI




chagter are ine;orably linked to global climate change --- water as a scarce resource,
desertification, and deforestation are prime examples of this. The data are uncenain in
producing ab_solute‘s of where impacts will be seen, but does suggest that the basic carrying
capacities of many 'regions will change, which implies that populations will need to shift in

response. Overall, the impacts of global warming as predicted by this review will be a major

destabilizing influence on the securitv of the world and will be a major push factor to create

population migration.

3. El Nino/ La Nina.

Some ‘news and information reporting” associate the climate phenomenon El Nino
and La Nina with the enhanced greenhouse effect and global climate change. but scientists
now berer understand that the basic process s natural. From hustory. El Nino is a pexjod of
warm water temperatures and increased early winter rain on the coast of South America
centerad on Peru. The world became concerned with E! Nino as these rains. combined with
the impacts of deforestation in some areas. produced tloods and mudslides, that infrequently
decimated the region, killing or injuring many people. A second concern with El Nino is the
impact that the unusually warm water temﬁéramres has on the nch fishing waters off the
coast of Peru.- The warmer waters reduce ‘the presence of the nutrients that feed the fish,
causing die off or migration of many valuable natural speciés intolerant of warmer water ’.
The local residents named these periodic changes in weather El Nino because these events
generally appeared around Christmas. and thus they associated them with the birth of The

Child. El Nino. Note, the term La Nina came from scientists who coined the term to refer to

 John Horel and Jack Geisler, Global Environmental Change: An Atmospheric Perspective. (Wiley. New
York. 1997). 59-65.
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the periods of normal temperatures in the Pacific and thus. normal weather patterns along the

coast of South America.

The frequency of the El Nino and exact reasoris for the timing of these events remains

unknown, but the conditions required to produce an El Nino have been identified. Figure 3-

10 shows the surface water temperature profiles in the Pacific Ocean that manifests the .

corresponding El Nino and La Nina effects. We understand the size of the warm water pool

in the Pacific grows at times when the normally cool easterly winds along the equaior slow,
therebyv reducing the cooling impact they have on water temperatures in the Pacific Ocean
and bringing the warmer waters closer to South Amenca. As water temperatures rise over a
largar area of the Pacific. net evaporation increases greatly. This produces more moisture in

the atmosphere to eventually become rain somewhere. and intensifies the low-pressure cells

creatzd by the nising warm moist air.  These large low-pressure areas become the engines

driving air movements throughout the region. The net result is intense rainfall events over
of the west coast of South America. There are data suggesung that El Nino also

areas

produczs corresponding drier areas in Central America. but the evidence 1s not as conclusive.

EL Nino/La Nina has special interest 1o scientists for two reasons. First. there are
questions as 1o whether global warming may change the frequency and magnitude of El
Nino. thus the weather patterns caused by El Nino. Second, El Nino is a natural weather
expeniment that can be studied to advance our understanding of the scientific relationships
berween the oceans and our weather. By watching and measuring the cause and effect
relationships of the weather generated during El Nino and La Nina periods. we can better

build and test our weather models. From an environmental security standpoint the military 1s
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FIGURE 3 -11
CHLORINE IN THE UPPER ATMOSPHERE
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concerned primarily with fhe impacts of El Nino. We have already seen our military
conducting humanitarian relief missions in South Amenca in response to the floods and
mudslides associated with these phenomenon, therefore the more we understand them, the
better we can prepare to respond. Further, if global warming makes El Nino more common,

as some predict, this could become a significant issue for U.S. Southern Command.

4. Ozone Depletion in the Atmosphere.

a. The science:

To begin. there is a good ozone in the air and there is a bad ozone. and it is very easy

to confuse the two. Bad ozone is really not a subject of this discussion. but is the ozone that

axists in lower atmosphere within the living space of plants and animals. Chemically. ozone

1S a very reactive oxidizing agent. similar in properties to chionne bleach. with the ability to
damage mosi organic materials. This bad ozone kills vegetation. burns vour lungs at even
- small concentrations. and has several other negative impacts to the extent that it is a pnmary

air pollutant sirictly regutated by USEPA.

The good ozone. which is the subject of our concern here. 1s the ozone that exists in
the upper atmosphere, primarily being produced in the upper stratosphere (25-30 kilometers)
and stored in the lower stratosphere in a band 10 to 20 kilometers above the earth. Recall our
discussion of the photochcmicél properties of the greenhouse gases and how each gas
adsorbed specific wavelengths of radiate energy at different rates. Ozone is a swrong adsorber
of ultraviolet light (UV), wavelengths below 0.28 micrometers. Our sun emits a large

quantity of this energyv spectrum into the upper surface of our atmosphere. If allowed to

reach the ground. the UV radiation would produce significant harm to many of the living

[P2]
L}

(9%

i

N\



organisms on earth, man being one of our special interest. Large doses of radiation at these

ganis
wavelengths are known to increase the incidence of cancer in humans, and have many
documented deleterious impacts on other animals and many plants. Depletion of
stratospheric ozone became an issue when a hole in the ozone layer over the South Pole was
first detected in 1985 with the use of new space-based remote sensing technologies.

Considerable research has gone into understanding the complex chemistry involved in ozone

depletion and determining its causes. Scientists have identified chlorine compounds,

parricularly chlorinated fluorocarbons (CFCs) as the primary culprits in the mystery. The
chemical reactions are complex -- light activated processes where ozone is broken down to
oxygen with chlorine serving as a catalyst in the reaction. without beiﬁg consumed. These
reactions occur at higher rates at the South Pole because the temperatures are cold enough to
torm crvsials that also catalvze the reaction. Because chlorine is not bound into the products
of the reaction, a small amount of chlorine continues 1o propagate these reactuons tor long
periods. Freons (CFCs) represent more than 30% of the ozone depleting chemicals alread_\"
in the stratospnere and have an atmosphenc fifetime of §0 vears®'. There is good news from
this story and one that we should consider verv important from the environmental security
standpoint because it proves that global environmental problems can be resolved at the
international level. As we developed dur scientific understanding of the causes of ozone
depletion and its consequences. and recognizing that we had technical solutions to reduce
release of ozone depleting substaﬁces, the world was able to reach agreement in the Montreal

Protocol of 1987 to phase out the use of CFCs. As depicted in Figure 3-11. the chlorine

concentrations in the atmosphere have begun to decline, however, the long residence times of

' Noel de Nevers. Air Pollution Control Engineering, (McGraw-Hili, Boston, 2000), 526.
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many of the cifferent ozone depleting compounds suggests full recovery is going to require

Man

into the next century.

b. Impacts of ozone depletion:

There is certainty that reduction of the stratospheric ozone layer has a direct impact

on quantity of UV light reaching the ground and all work to date strongly suggest that

environmental harm, attacking DNA material in organisms, is being produced in areas under
. . ] . . .

the exisung ozone hole™. In the inhabited areas most near the ozone hole, South America

and Australia. biologists are documenting damage 1o the light sensitive plant and animal

species. The strategic implications of this issue will be analvzed in Chapter 4.
D. Land Use

i. Deftoresiation.

The goal of this section is 10 define the relationship betwesn the reducuon in the
amount of rorest area in the world and environmental secunity. On a global scale. we saw the
importance of forests in uptake ot carbon dioxide as part of the global carbon cvcle. which

then serves to regulate the greenhouse effect. This alone would be sufficient reason to

consider the security implications of deforestarion. but there are more direct issues that result
from loss of forest areas in a region. Before we are readv to discuss these we will need to

discuss exactly what is deforestation. where and why it is occurring, and finally. the impacts

detorestation produces.

L



Explaining deforestation begins with developing a fundamental understanding of
how a forest is defined. As defined by the Food and Agriculture Organization of the United
Nations (FAQ), a forest is where the tree crowns cover at least 20 % of the surface area in a

developed country and 10% of the surface area in a developing country. The logic for two

levels of coverage based on the economic state of the country is certainly not based in

science, but we will defer to this definition only becausé the FAQ has the best available
world-wide data on the state of the world’s forests and these data apply this definition™. |

Scientifically, there are many different ways to classify forests. Forests are identified
by their requirements for temperature, soil types, and moisture requirements. For example,
Strahler in his physical geography text divides forests into 6 separate &lassiﬁcation534. This
level of detail is bevond our needs and the data describing deforestation is not available at
that leval of detail. therefore. we will deal with torests as etther temperate or tropical. Figure
3-12a depress the worldwide distribution of tforest with a box showing the regions of tropical
growtn ciimates. These classificatuons generalize the 2ffects ot temperature and moisture
based on the lautude of the region. but cannot deal with localized impacts. altitude as an
example.

Tropical forests. located in the wet, always warm mid-latitude belt centered around
the equator. occupied 1.8 billion hectares in 19907, As seen in Figure 3-12a. nearly all
troptcal forests in the world today exist in the developing countries. These include both the

rainforests with constant leaf cover and monsoon torests. differentiated because they lose

? Food and Agriculwure Organization of the United Nations (FAO), Forest Resources Assessment {990: Global

Svnthesis.
f‘ Alan Strahler and Arthur Strahler. Introducing Physical Geography, (John Wiley, New York. 1996), 207-216.
* Food and Agriculture Organization of the United Nations (FAO), Forest Resources Assessment 1990: Global

Synthesis. as reported at: www.igc.apc.org/wrirwr-96-97/Ic_mx2.heml. April 2000.
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FIGURE 5 -12a

Distribution of Forests Worldwide
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their leaves in a dry season. Because of the thickness of the vegetation and the perennial
bioicgical éc:ivity, tropical forests are the world’s most productive regions for carbon
dioxide ﬁxing. Rainforests are the most biolbgically diverse biome on earth with literally
thousands of species per hectare.

Temperature forests cover a much wider variety of both deciduous and evergreen
forest types, and much more of the area of the world, 2.4 million hectares as reported in the
FAO 1990 study®®. Témperate forests include both deciduous and evergreen species of trees
capable of survival iﬁ all but the coldést and/or highest altitudes in the world. Théugh not as
productive in carbon cvcling or diverse in species, the ability to propagate over large areas of
the world make the temperate forests a critically important worldwide resource.

Detorestation. throughout time. has besn the most fundamental action of human
modification of the environment. Trees are removed to clear land tor tarming. to provide
lumber for building. to provide energy to heat and cook. and tor many other economic
acrivities. [n a sense. a primarv difference betwesn developed and developing countries is
developed countries have reached an equilibrium with their r_enewabie forest resources.

We will detine detorestation as the loss of tree cover to below 10 or 20 percent érown
coverage as defined by the FAO. Based on this detinition, Figure 3-(2b shows the rate of
worldwide detorestation for 1980-1990. These data document that detorestation is occurring

at the highest rates in the developing countries and within the tropical forests. Over the
period 1990-1995. developed countries showed a net growth in forest area ot 0.12 percent per
vear”’ . Some caution must be taken when considering this number because it hides a loss in

natural forest. [n the FAO data these losses were more than compensated bv increases in

%
(bid. :
7 Fred T. MacKenzie. Our Changing Planet, (Prentice Hall. New Jersey, 1998), 234-257.
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plantation acreage. This same source reports the total annual deforestation percentage in the
tropics as 0.8 percent or 15.4 million hectares lost per.year Ifrorn 1980-1990 (that is an area
about the size of the state of Georgia each year).

Deforestation has both a natural component and one of anthropogenically induced
change; we are limiting our focus to the later. In the developing countries trees are removed
to expand farm and grazing lands, provide fuel wood, and for the economic benefits of
logging. For the first two purposes population pressure is a direct and acute factor affecting
the rate of deforestation. The need for more land for food ﬁroduction is the pbvious impact,
but with 35 percent of the world’s population relying on wood for cooking and heating, the
pressure s doubly intense™, é.nd most of these are in areas without good options to replace
wood fueis. Economically, trees are a primarv export tor many ot the developing countries.
particularlv in the topics. Logging may be conducted by the government or bv an

international logging company working under some coantractual arrangement with the
‘government. [he protits from logging are essenual in ma.n‘_v of these countries to help pav
the costs ot modemization and tn many cases. the costs of a growing and urbaﬁizing
populdcion. [t should not be overiooked that the developed countries are the recipients of
most of the wood generated from logging in the developing countries. The FAO
deforestation data indicates that developed countries have reached a sustaining level in forest

management. but the reality is that they are maintaining their forests by satistying their thirst

tor wood from the forests of the developing countries. Japan for example, a country with
more than 60 percent forest cover and showing no net change in forest area. consumes 50

S 29
percent of tropical wood cut™.

23 . -
lbid, 267.
%.1bid.267. World Resources 1996-1997, WWW.ig¢.apc.orefwrirwr-96-97, 217
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In the developed countries, deforestation results {rom the economic pressures to
susiain an often dying logging ihdustry, but is further exacerbated by the impacts of air
pollution. Air pollution not only directly kill trees, but also can damage trees so that they are
more susceptible to insect and microbial infestation, which eventually leads to die-off. In the
United States we have measured the impacts of large power plants damaging forests in the
southeast and northeast. Many regions in central Europe are experiencing similar
problcmszo.

In bo-th the developing and developed countries, as we introduced earlier, global
climate change may impact the size and distribution of a region’s forests. Global climate
change can impact temperature, the quantity and temporal distribution of water. and soil
structure over ume. These in tum, determine the tvpe of vegetation. including torests. an
area can naturally sustain. These facts are irrefutable: however. the actual regional impacts
are verv difficult to identitv separate trom naturally occurming change and theretore are

ditficuit ro predict.

2. [mpacts ot deforestation.

The impact's ot deforestation range from the verv subtle changes in climate that loss
of torest areas may induce to the dire life-threatening issues that the absence ot tuel wood
can cause. [n the context of environmental seéurit_v. consider the examples of Ethiopia and
Haiu. [n {900 Ethiopia was 435 % forested’' while today. only 2.5 percent remains torest and
woodland®* while Haiti has gone from mostly tree covered to nearly barren. The strategic

discussion of linkages between security and environment are the subject of the next chapter,

A;° Fred T. MacKenzie. Our Changing Planet. (Prentice Hall. New Jersev.1998), 327.

M Ibid. 257.
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but it is jusufiable to surmise there is a correlation betwesn the unrest in these countries and-
these drastic changes in their environment.

Deforestation is not a completely anthropogenic process. Natural changes in weather,
forest fires, forest disease, all oc.cur at natural rates producing changes in the type and
locations of the world’s forests. Through observation of natural changes we -enhance our
understanding of how the man indiced deforestation will impact an area. Armed with what
we have leamed from natural systems, we can expect numerous seﬁous implications for
deforestation. For analysis of environmental security the most critical are:

¢ Reducing the carrying capacity of the land.

» Reduction in the forests as a component of the carbon cvcle and the resultant
loss of CO-~ removal capacity.

e Loss ot biodiversity with all ot its known and unknown implications

* Increased tlooding. loss of soils with the resultant mudslides and waterway
stltation.

« Economic impacts trom loss ot forests as a renewable resource.

{t is well bevond the scope of this research to discuss the scientific basis tor each of the )
complex concems attributed to deforestation above. [n an etfort to summarize these concems
in a format that will Support- strategic analysis later. Table 3-4 describes the possible impacts
of deforestation on the basis of tropical and temperate regions of the world. further divided
into developed and developing countries. In each impact box of the table an arbitrary

qualitative rating has been assigned based on the severity of impact should deforestation

——

" World Resources 1996-1997. www.igc.apc.org/wri/wr-96-97, 2 16.
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TABLES -4
Potential Impacts of Climate Change

Carrving Capacity

- Loss of soil from
erosion

- Less fuel wood

- Less water available

- Loss of soil moisture for

-- Increased disease

-- Food production reduced
-~ Famine

-- Drought

~ Causes popuiation
migrations

increases disease

-- Reduced water supply
-- Reduced soil moisture
impacts food supply

B IMPACTS IMPACTS IMPACTS
Tropical Temperate, Temperate,
Possibie Issues (Developing countries Developing Countries Developed Countries
' ' only ,
-- Loss of fuel food -- Water supply reduced

-- Soil moisture loss
reduces food production

- Global warming

! - Storm frequency and
intensiny

-E! Nino La Nina

- Slash and bumn reieases
carbon dioxide inputs

- Change in evaporation
rates causes shifts in water

¢ availability

' MODERATE,

growing season
- Higher temperatures
impact health

VHIGH!

crops

- Land cannot sustain

crops IMODERATE) ! {HIGH} ISMALL}

Carbon Cycie - Global - Less Carbon dioxide - Population migrations -- Storm frequency impacts
Climate Change absorption - Lower soil moisture in -- Minor impacts and

shifts in land use

' MODERATE}

Biodiversiny
- Loss of species

- Loss of habstat

- 40 umes more diverse
than iemperate iorests

- 1.000s of species lost per -
. ¥easr :
. - Critical habutat losi

- Loss of indigenous nauve

- Species dieotT
- Havirtat lost for
zndangered species

. -- Natural forests ioss

couid impac: a numoer of
species

trioes '
, JHIGH! 'SMALL! L {SMALL,
. Hazards . - Increased runotf rates - increase flooding damage | -- Increased stom ,
{ - Lossorlife { produces tloods - Loss of life ! frequency !
' -- Increased discase - Mudslides and siltavon - drought more common i
+ - Economic cosis of ; of sireams i
! response | i f
! : {MODERATE} ? {MODERATE] | {SMALL)
i Economics i - Debt pavment possible - Long-term loss of - Miugation of storm
-- Short term - Deveiopment funds sustainable resource impacts
cost/benetits created - Quality of iife impacts
-- Long-term - Long-term loss ot
costs/benetits sustainable resource

- Unknown value of
biodiversity lost

{HIGH}

{MODERATE)

{SMALL! |

High - Potential 10 significantly alter existing environmental setting.

Moderate - Measurable negative impacts expected.
Small - Small net change in environmental conditions. well within capacity for adjustment

v
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coatinue ! the rates predicted in Figure 53-12. What we see from this summation is that the
impacts from deforestation will be most severe in the tropical regions, not unexpected
because these are the regions of high deforestation. It appears the tropical regions are trading
short-tefm economic benefits for an unknown future. From a world perspective, the
developed countries share a portion of blame for the concerns for global climate change
Acaused by tropical deforestation because they are the markets for the wood being harvested at
a rate much faster than it is being regenerated. Further, developed countries understand how
good management practices would allow treés to be harvested without the damage done by

large scale clear cuttings, but pursuit of higher profits by international business hinder use of

best management practices.

As a security issue in the developing temperate forest countrnes. impacls on carrving
capacity hﬁ\'e the most direct and dire effects. In the developing world the land must prqvide
water. food. and energy 10 heat and cook. Loss of fuel wood reduces the ability to properly
process food that could vield both malnutrition and disease. Clearing of former forestlands
for grazing and farming can have the opposite effects intended. [n many parts of the world.
because of shallow soils and high rainfall rates. forests are the onlv appropriate use for the
land. Removing the trees destroys the root structure that hold; soils and increases the
intensity of the runoff and allows the soil to be quickly washed away. Deforestation changes

the storage of rainfall and has other detrimental effects on the regional hydrologic cvcles,

with a net effect of less available water over a vear.
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3. Desertification.

-

Today, some 40 % or 60 million square kilometers of the world’s land area is classified
as drv climate with some 10 million of this land being considered desert’>. Figure 3-13
represents the distribution of areas of deserts across the world. Desertification is a process

where both water and soil become scarce to the point of being unable to sustain a vegetative

cover. Loss of cover allows for increased soil erosion, primarily by wind, further reducing

the carrving capacity of the land, even if water was again available. Just as with

deforestation. there are both manmade and natural causes of this process. Natural

fluctuations in rainfall change the shape of a desert. usually working around the boundaries
of an existing desert. Overgrazing, mining of groundwater. and over use in farming can also
produce deserification of an.area. The African Sahel is the most stking example of
desertitication or land degradation seen in modern times. The Sahel.is the belt around Africa
lving at about 13 degrees North latitude and forming the southern extent of the Sahara desert.
Increases in the nomadic herding population of the region in combination with a drought that
extended from 1968-1991. produced deserufication in the area™.  The result of

desertification is a drastic reduction of carrving capacity until conditions allow regeneration

of the vegerative cover. if the impacts of erosion do not are not too severe.

Global climate change can produce desertification in the same manner it is manifested by
natural climate change. Our problem today is distinguishing natural from man induced
desertification, and even more difficult, predicting the changes that will occur from any

climate changes resulting from the enhanced greenhouse effect. Based on experience to date.

fs John Houghton, Global Warming: the Complete Briefing, (Lion Publ.. England, 1994), 101.
* Alan Stahler and Strahler, Inoducing Physical Geography, (John Wiley, NY, 1996), 170.
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TABLE3 -5

Water Data for Countries with Low Domestic Supplies

N\

Total Total Total Total Use | Domestic Use
Domestic Water Renewabie
Water Use | Withdrawal Supply .
COUNTRY Liter/d/per fan3fyr km3/yr M3/pertyr %

Gambia 45 0.02 8 23 7
Mali 8 1.36 67 148 2
Somalia 8.9 0.81 18.7 108 3
Mozambigue 9.3 0.6 216 39 9
Uganda 9.3 0.2 66 11 32
Cambodia 9.5 0.52 498 69 5
Tanzania 10.5 1.17 89 43 9
Central African Rep. 13.2 0.07 141 23 21
Ethiopia 13.3 22 110 45 11
Rwanda 13.6 0.77 63 106 S
Chad 13.9 0.18 43 32 16
Bhutan 14.8 0.02 85 15 36
Albania 755 02 ] 54 5
Zaire 16.7 0.36 1019[ 10 61
Nepai 17 2.68 170 103 7
Lesotho 17 0.05 52 28 2z
Sierra Leone 171 0.37 160 a9 v
Sanglacesh 17.3 225 2357 21 3{:
Surundgi 18 Q.1 386 18 36 '
Angota 18.3 0.48 184 48 4l
Droouti 187 0.01 03] 2a 3
Ghana 19.% 0.3 &3 20 s
Benin 19.5 0.14 258 3 23
Soiomon Istanas 19.7 0.001 4.7 18 40
Myanmar 19.8 3.96 1082 103 7
Papua New Guinea 19.9 0.1 8 28 29
Cape Verde ‘20 0.03 0.3 70 10
Fiji 203 0.03 28.6 37 20
Burkina Faso 22 0.38 17.5 42 19
Senegal 25.4 1.36 39.4 186 s
Oman 26.7 122 3 325 3
Sri Lanka 27.6 6.3 43.2 503 2
Niger 28.4 0.s 325 65 16
Nigeria 28.4 " 363 280 33 31
Guinea-Bissau 28.5 0:02 27 17 60
Vietnam 28.8 5.07 376 81 13
Maiawi 29.7 0.94 18.7 107 10
Congo 29.9 0.04 832 18 62
Jamaica 30.1 0.32 8 157 7




n expect that changes will occur within existing dry climates and on the margins of

We Ca

existing deserts. In some places this may be a receding of the existing desert because of

increased rainfall, in others it is likely to produce desertification.

4. Impacts of Desertification:

The direct impact of desertification is the complete loss of carrying capacity of an
already fragile biome with the indirect effects being the migration of people previously

supported by the area. Our ability to predict desertification is limited to our ability to predict

natural weather parte_ms concurrent with understanding the impacts of anthropogenicallv
induced global climate change. primarily from the enhanced greenhouse effect. Expansion of
the world s deserts will be at the expense ot sieppe tvpe environments. which are inhabited
bv grass and scrub vegetation and most commonly support sparselv populated herding

cultures. NMlore human pressure in these regions could accelerate the deseruricauon process

bv increased grazing and fuel wood gathenng.  Overall. the spiraling impact of

deseruficauon displacing people has been seen in the Sahara regions aiready and is a

potenuial impact in other parts of the world as a result of global warming.

3. Hazardous Waste Disposal:

Toxic and hazardous matenals are a uniquely modem legacy humans have distributed

over the enure world. Over 30,000 different chemicals. each manufactured for some

“beneficial” use. have become absolutely ubiquitous throughout the world. Most of these

chemicals and the billions of pounds of waste generated as bv-products in their

manufacturing process are carcinogenic. mutagenic, or teratogenic. making their use and

disposal hazardous to living organisms. First. many of these chemicals biodegrade very

N\



FIGURE 3 - 14

PathWa

ys of Human Exposure

to Hazardous Substances

SOURCE: King. Environmental Engine

ering (AAEE. Annapolss. 1999) page 436. USEPA 1989
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siowly, therefore. when released into the environment have the capacity 10 produce harm for
a long time. The hazards of these chemicals are manifested through a chain of events, 1)
their intentional or accidental release 2) human exposure through direct contact, ingestion of

contaminated food or water, or inhalation of airborne chemicals. and finally. 3) accumulation

of enough of the toxin to produce an physiologic response.

Let’s use the illustration in Figure 3 - 14 and a widely known environmental

contaminant, PCB (polychlorinated biphenyl). as an example to represent the hazards posed
by modern chemicals. PCB was long used as an insulating fluid in electrical devices because
it possessed the appropriate electrical properties while not being volatile or flammable. Over
the past 30 vears nearly all large transformers vou would have seen on electrical poles and in

subsratidns would have been filled with this pale vellow liquid.

--- Through maintenance acuvities. accidents causing spills. and improper

Siep |
disposal activiues. a large quantitv of PCB has been released to the environment over

the vears. Also. in manutacruring PCB waste by-products were disposed of in wavs

that contaminated soil and drinking water supplies. In just one case. a large

manufacturing operauon dumped thousands of tons ot PCB into the Hudson River 10
the point that the fish in the niver todayv remain dangerous for human consumption
vears after dumping has ceased.

Step 2 --- The pathway for chemicals released to the environment reaching a human is
best understood through examination of Figure 3 — 14. The most common exposure
pathway is for the contaminant to reach a drinking water source where it is collected
or transported to unknowing consumers. This is depicted by the water well in the

figure but is more commonly associated with public water supply svstems. Public



— warar supplies in our country are monitored for hundreds of common contaminants to
assure this does not happen. In the developing world this is an expense they cannot
afford. For most of the chemicals that dissolve in water at harmful levels, which

includes are large number of chemicals, standard water treatment practices DO NOT

-
| - remove the foxins.
| ‘ Step 3 --- Unlike the catastrophic occurrences such as Bhopal, India where thousands
B | were killed and injured from a toxic cloud. most toxins act in an insidious manner,
— requiring long periods of time for the body to accumnulate sufficient concentrations to
| manifest svmptoms. Of course with contaminated_water, food. or air. this time is
B available. [n the case of PCB. it has an IDHL of 3 mulligrams per cubic meter
—] (mg- M), which translates to a very small amount is Immediately Dangerous to Life
' or Health --- bécause of uts known carcinogenic nisk. This extreme toxicity IS even
=
Further exacerbated bv PCB’s long persistence in the environment’®. PCB ingested in
= water or fish can accumnulate in the bodv until. often decades later. cancer results’ .
{
|
,7‘
| The military have their own unique tvpes ot hazard waste operations that have the
—]' potential to pollute the environment. including explosives. waste oils. fuel. cleaning solutions
and other maintenance fluids, chemical agents. and auclear material. The DOD is now
ﬂ .- spending billions per vear to clean up our past indiscretions in disposal and spillage of these
3, D matenals. [n Chapter 4 we will discuss opportunities (o share our lessons learned with other
g
7'} * NIOSH. Pocket Guide to Chemical Hazards. (US Public Health Service. 1990), 68,
| ' f C. W. Ferter. Contaminant Hydrogeoiogy, ( Macmiilan. NY. 1993), 501.

' ' 2t .
Figure 3-18 explains the process ot environmentai contamination on the basis of disease transmission.

s
s

w
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military forces so that they do not make the same costly mistakes or can gain from our

experience to expedite remediation efforts.

6. Issues of Hazardous waste:

The issues of hazardous waste all relate directly or indirectly to human and
enviroqmental health. Just as Chemobyl made thousands of square kilometers uninhabitable
for years, toxic releases from industrial manufacturing and waste dumping directly impact
people all over the world. This occurs prirnarﬂy through pollution of groundwater making it
dangerous to drink and air‘ pollution. In the developed world this water would not be
consumed or would be treated to sate standards. However in the developing world
conditions are such that the contamination may not be de»tecned. there mayv be no alternative
sources. and (reatment is 0o expensive. all summing to produce an extreme hazard for the
developing world's vheaith. Alr exposurés to toxic chemical occur in the developing world
where modem pollution abatement technology is not applied to industrial smokestacks. A
senioc Russian environmental scieatist in 19935 reported areas of his country where the infant
mortality rate had reached 30 % because of toxic metals released to the air trom smelung
operations’®. Land use for tarming and living is also degraded or losfthrough toxic
contamination events. Overall. toxic pollutio.n can severely stress the people and

environment ot a region and may be a source of insecurity tor a region.

e ———

3t
'9?;4°ﬂ-attribution Lecture by a member Russian Academy of Science. at the United States Milicary Academy.

(V)
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£. Water Use

1. Fresh Water Supplies:

Water is a critical element for life and for modern. devéloped society 1s an essential
component of economic success. Most people are familiar with the hydrologic cycle
depicted in Figure 3-15, here showing the relative quantities of water" stored in different
segments of the environment. This Figure reminds us of the relatively small quantity of

freshwater available for the many demands for fresh water --- domestic consumptive use,

sagitary use. industrial use. thermoelectric power cooling water. hydroelectric generation and

.- agriculwre irmigation. Quantity can be measured in both the total demand of a country. but is

beﬁer represented in terms of the quanuty per person per ume. Figure 3-16 shows over the
last century world water consumption in both ot these units of measure. Clearly the eight-
fold increase in total water demand s dominated by population staustics. but increased
demand per person has also doubled over the centurv. An example of the impact of
development has on water use can be seen by comparing water use in the U.S. with world
use. In 1900. world demand was approximartely 300 cubic meters per person per vear
(m:‘/p/yr) while in the same units U.S. démand was 7002 In 1980, world use had grown to
700 m’/p/vr. while in the US demand had reached 2700 m’/p/yr. and remember these units

factor population growth out of the equation®. The point to consider here is that
transfonﬁing into a developed society. to this point in history, has greatly increased the
requirements for water. Our problem comes in trving to reconcile Figure 3-15 with Figure 3-
16, 1s that supplies are fixed while demand continues to grow rapidly. There hés been

progress in management practices, but these have reduced the rate of growth in demand per

* Peter H. Gleick. The World's Water, (Island Press. Washington. DC. 1998), 10-13.
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FIGURE3 -15
DISTRIBUTION OF WATER IN THE ENVIRONMENT

The Hydrologic cycle.
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IR A *-'pérson. not the total requirements. The U.S. can be seen as a recent good news story here.

' L . .
;‘1//"/7 By 1995 demand in the US had dropped to 2.200 cubic meters per person per year, producing
‘ ‘ . a flattening of total demand for the past 20 years. This was achievable only in concert with a

l"‘ " small population growth rate over this same period.
FIGURE 3 - 16
S | World Water Use Rates,
i Total and Per Capita
: ‘:. i ,-"sm ,' B Y
: : ' g $4.000 J' ..............................................................................
— 3 g Tocal Withdrawais
F E-— 3‘om,|i e
e 3 100 -
. z |
— g 500 -
, N
i : 1900 1910 1920 1230 1940 1350 1960 1970 1380 1990 2000
, SOURCE:Peter Gleick. The World’s Water. (Island Press. Washington. D.C.. 1998).11.
o
] The bottomline line for water as a resource is:
]
-- Demand will continue to increase steadily and in direct ratio te population growth.
-- Modemization (development) will increase demand, not reduce it.
— 3-36




-- Ws can expect areas the water shortages seen now to become more critical while

many areas of the world will reach their limits of available resources.

Figure 3-15 shows that renewal water resources come from precipitation recharging
the surface water streams and lakes, and the water stored in the ground. This recharge is
temporally and spatially dependent, or in simpler terms. we don’t have water problems it just
comes in the wrong places at the wrong times. To overcome these problerhs we butld dams
to store water for use in drier periods and we build aqueducts to transmit water areas without
sufficient resources to meet their demands. but these miugative actions have limits to t.heir
effectiveness. Dams are expensive solutions having application only in 1deal ‘circums_tances
of available spéce. high seasonal ﬂows._and no contlicung water uses. Aqucducts.\ aiso
expensive. require that some region 1s willing i0 supply water to another region and that
access berween the two areas can be assured. In the military context we talk about the

secunity issues of having water supplies vulnerable to the actions ot others or serving as a

possibie critical target in a conflict.

What is the basic water requirement for a person on a daily basis to sustain life? This
value must include water for drinking, cooking. and basic sanitation requirements sucn as
personal hvgiene and cleaning. One estimate with good acceptance is 50 liters per day per
person“o. Table 3-3 identifies those countries of the world that did not provide this quantity
of water as of 1990. Understanding the causes of this shortfall comes from analysis of both
the av.ailable .supplies and an examination of withdrawal and usc; rates. First. only a small

poruon of the annual renewable resources will actually be usable in the sense that it is

“ Ibid, 44,



FIGURE 3 - 10

SURFACE WATER TEMPERATURES IN
THE PACIFIC OCEAN

Top view shows El Nino conditiosns
Bottomline shows normal conditions (La Nina)
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Source: Jonn Hore! and Geisler. Global Environmental Change: An Atmospheric Perspective, (Wiley. NY,
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Tl 30.2 0.04 1] 46 24
indonesia 342 16.6 2530 96 13
Guatemala 343 0.73 116 139 9
"Guinea 35.2 074 226 128 10
' [Eote d'lvoire 356 0.71 78 59 2
"Swaziland 36.4 0.66 4.5 830 2
‘Madagascar " 37.2 16.3 - 337 1358 1
[Liberia 37.3 0.13 232 S0 27
‘Afganistan 39.3 26.11 65 1436 1
Uruguay 39.6 0.65 66 241 6
Cameroon 42.6 0.4 268 34 45
Togo 43.5 0.09 11.5 25 62
Paraguay 45.6 0.43 314 111 15
Kenya 46 2.05 30 8s 20
Ei Salvador 46.2 1 19 l 241 7
Zimbabwe 482 1.22 20| 126 14

SOURCE: Peter Gleick, The World's Water, Island Press, 1998.235-244.




throughout the world.

igyzilable in the right place at the right time. Analysis even on a country scale may not
.account for the misdistribution of people and resources. Accepting this shortcoming, Tabie
3 - 5 shows the renewable water supply, the total withdrawal per person per year, and the

percent domestic use rate. From these data we will later be able to better interpret the causes

of domestic water shortages in the 50 shortage countnes.

Quality i1s an often-overlooked issue that must be addressed in any discussion of
water supplv. The World Health Organization estimates that 1 billion people a vear contract
a waterborne diarrheal disease‘and that 3.5 million of these people die, per vear''! This does
not account for many other waterborne diseases that inflict pain and suffering pandemically
In the developing worid a‘primar}' quality concern 15 human waste

being disposed of in surface waters contaminating drinking water supplies and this water

then being consumed without adequate treatment. The current state of sate drinking water

and adequate sanitation in the worid 1s depicted in Figure >-17. Clean water 1s a cniucal issue

for parts of South and Central America. most of Africa. and much of Asia.

The developed world 1s not without 1t problems with water quality. One disease
outbreak in Minneapoli§ in 1993 caused over 400.000 cases of disease and 100 deaths. this in
a region rich in water resources. We bossess the technical capability to treat any polluted
water to a standard to make it again safe for consumption', but this technology is very
expensive. Over the past 30 vears great improvements have been made in safeguarding the
developed world’s drinking water. but in the developing world waterborne disease. toxic

waste disposal. and other forms of pollution continue to degrade fresh water resources.

*! World Health Organization. Community Water Supply and Sanitation: Needs. Challenges and Heaith
Objectives. 48" World Health Assembly. (A48/E0S/96.15. Geneva 1995).
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| Once basic human needs for water are satisfied, other uses for water can be met with
the available supplies. These higher leve] uses include irrigation, power generation, and the
many industrial processes that are high volume users of water, food processing as just one
example. In examining Table 3-5, we find the non-domestic use as the difference in percent
from the amount shown in the_last column. For example, even though Afghanistan and
Madagascar fall short of recommended domestic supplies, 99 percent of their total water use
is diverted 'to other purposes, in these two countries this water all goes to agricultural use.
One of the great uncertainties in, global climate change spilling over to our considerations of
water is how weather shifts will impact food production by changing water supplies during

growing seasons.

Salinity 1n water 1s a major q‘uality issue of concern in agricultural and many
industal uses. Salts present in irmigation water are retained and concentrated 1n the soil as
water naturally evaporates from the upper layers. Over time, withour adequate rain 1o
dissolve these salts back into the water for transport away. soil salt levelg build up to
concentrations toxic to many crop plants. These lands are then lost to production or must
change 10 crops more tolerate of salt. Salination is redu;:ing food production rates in many
paﬁs of the world today. mostly in and regions where lack of rainfall makes recovery times

very long. The US is experiencing thus problem in isolated parts of the West and Southwest.

Overall. water is a problem of basic survival in at least one third of the world and
1s a limiting factor in development for most of the world. As a great American sage once

said, ‘People argue over politics, they fight over water .



1

2. Issues with water scarcity:

The issues with sufficient quality and quantity of fresh water are obvious. but the
current and anticipated impacts on the world need to be addressed. Foremost is the impact
on health from inadequate and/or contaminated water. This is a two-part problem, the inital

part of the equation being sanitation and the second being clean water sources for drinking.

Nea;ly all infectious disease and thus epidemics in the world today have as their root
cause poor sanitation (see Figure 3 - 18 for primer on epidemic disease). Human wastes
serve as the reservoir of disease. Depending on the disease the mode of transmission can be
water. food. or vectors. but contaminated water is bv far the most common vehicle for
disease agents. [n most of the world water in open or contained sewers is used to convey
human wastes away trom suscepuble human populations io eventually discharge into the
nearest naturally tflowing stream. In thé deveioped world this sewage 1s treated 10 REDUCE
the pathogenic organisms before discharge. [n most cities of the developing worid this
sewage tlows. untreated or parually treated. into the surface water svstem. Water scarciry
reduces the amount of water available 0 safelv remove this waste from the populated areas.
This affords exposure opportunities through direct contact by vectors such as flies and
mosquitoes transmitting the disease. or numerous other pathways for disease transmission.
The second part of this problem is on the water supply component of the equation. In water
scarce regions all available resources must serve as water sources. even those contaminated
with human and animal wastes. As noted earlier. we have the technology 1o clean this water
to safe standards. however, the cost of high technology treatment is out of reach for

- -
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developing countries. In t‘:;ct, much of the world’s population uses water directly from the
source, untreated. Consider again the example of Minneapolis mentioned earlier in the
;:hapter, where Cryptosporidium, a waterborne microorganism transmitted through a treated
_public water system, killed over 100 people. In the developing world waterborne Chole_ra,
Salmonellosis, E. coli, are every bit as dangerous as an AK-47. The WHO estimates that 2.6
billion peop_le livé without" proper sanitation, while 1.3 billion people are without safe
drinking water*2. Figure 3-17 shows the areas of the world where more than 25 % of the
population lack proper sa;nitation and safe drinking water. .rBoth m mortality and the cost

drain of health care for preventable disease, as reflected in Figure 3-17 water scarcity is

having a debilitating impact in the developing world.

Water scarcity is also a major contributor to population migration. a major factor in
insecurity in manyv regions of the world. Saharan Africa and the impaczs of recurring
droughts in that region have shown this to the world. Water as a resource for production of
food. use 10 produce power. use for transportation. use in industry, etc.. all these become
secunity issues when water is ‘shared” by countries or different peopies. These issues will be

analvzed in depth in Chapter 4.

*2 peter H. Gleick. The World’s Water, (Island Press, Washington, DC. 1998), 40.



FIGURE3- 18

A PRIMER IN EPIDEMIC DISEASE

‘ SOURCE PATHWAY RECEPTOR
; (humans. animals. water) {water. food. vectors) (humans)

i
i
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% basic undersianding of the disease transmission and the zpidemic process have long been

. appreciated. with guidance on personal hvgiene to pravent illness dating back to the Bible and the !
i Koran. Disease is ransmirted following the source-pathway-receptor model illustrated in the cartoon -

- above. The source or reservoir is the location of the active disease agent. rypically bacterium or -

~ viruses. In most cases of human disease. man is the reservoir. Pathwav indicates that there must be a
mode of transmission from the source to the receptor. This is the funcrion that water accomplishes
most often. but food can also mansmit disease as well as person to person contact. The receptor is 2
* person that is susceptibie to the contagious agent. Not all people exposed t0 an agent will conaract the
. disease: incidence of disease is heavily dependent on the dose received and the susceptibiiity of the

receptor (vicum). [n disasters where the population is weakened by malnurrition. stress, and exertion. !

- people become much more susceptible to disease. thus epidemic disease following disasters are
commonplace. In addition. the breakdown of public sanitation in disasters further accelerates disease
transmission through the source-pathway-receptor model. Crowding in squailed camps further
ennances disease by bringing large numbers of susceptible people into close proximity with disease
sources and unsanitary conditions. Breaking the disease cvcle following narural or human caused
disasters is 2 difficult problem for the military as we are called to provide humanitarian relief to

refugees and displaced people all around the world.
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3. Oceans:

The oceans are considered as an environmental security issue primarly because of
their part in feeding the world’s population and regional economic importance of fishing for
some countries. Annual _ﬁshb harvesting increased from 22 million tons in 1950 to just over
90 million tons in 1995. This was down from a peak harvest of 100 million tons in 1989*
There are indications that overfishing in many regions of the world has caused these recent
declines. Fish now reﬁresent 20 % of the protein consumed by humans and is the primary -

source of protein for more than | billion people™. The increase in collection is caused by the

increased demand as populations grow and increased per capita use as fish is substiruted for

" -

other meat sources that have become more expensive.

A secondary impact of the water quaiity issues described above is damage (o the
estuaries. which then reduces the production of food for the oceans. Discharge of doméstjc
and industrial sewage into closed waters such as the Mediterranean Sea 1s also reducing the

numoer of fish in these warers.

* Alan Geis and Getis. Arthur, Introduction to Geography, (McGraw-Hill, 1998), 429.
34 - -
Ibid, 427.
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Chapter 4
STRATEGIC ANALYSIS

A. Introduction
Today, the United States of America is the world’s preeminent superpower,
whether we use military or economic power as our metric. We are also the world’s

largest consumer of energy and other natural resources, and the world’s preeminent

generator of waste. We alone generate more municipal solid waste, trash, than the total

from the next 15 developed countries of the world together!. In negotiating policies for
global warming the United States has artempted all manner of clever data manipulation to
hide 1ts éonsumption of fossil fuels and production of greenhouse gases (see Table 3 - 2.
page 3-23) from the world. but all disguises have faiied 10 conceal that we are. far and
away, the world leader in greenho'use gas pollution. not 2 #1 we should aspire to. The
cartoon in Figﬁre 4 — | really savs 1t all, the fat cat driving the gas hog sits judgmentally
over the developing world in ‘protecting the environment’ (cultural illiteracv is also
evident). Our view of ourselves is as good guys trving to do the right thing for the rest of

the world — provide peace. have a clean environment. and help them establish an

acceptable quality of life. The rest of the world views us with less trust, questioning our

motivation in helping and supporting them. This is the context for our environmental

secunty study as we search for a coherent policy and strategy. It is critically important to
recogruze that environmental security is only a component of the larger process of U.S.
foreign policy and cannot be separated from the whole. Foreign policy issues are outside

the scope of this research, as is much of the detail of how our Department of State should

' Rodney White, North, South, and the Environmental Crisis, (U of Toronto Press, 1993), 148.
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SOURCE: Scon Willis. San Jose Mercury News. Coplev News Service: 1989.

accomplish 1ts environmental security mission. This study will stop at the point of
separating the overall requirements into military missions and those governmental actions
best accomplish by other agencies. Recalling from our opening questions, its time 10

address:

What is the military mission in environmental security and

how should we be executing this mission?



A

in Chapter 1 we visited the current discussions and research focused on

explaining the political science of environmental security, while in Chapter 2 we

developed a working definition of environmental security for this project. We exited this

part of the study with several key consensus based preconditions, which will now allow

us to achieve the purposes of the report without making radical assumptions within the

numerous areas of uncertainty that remain. The take away lessons from the body of

environmental security studies examined include:

J

Environmental scarcity is impacting human lives in many regions of the
world. In an address to the International Conterence on Climate change in
1994 Eilesn Claussen, the Senior Director of Global Environmental Affairs
for the National Secuntv Council stated. “The four resources most likely to
nelp produce conflict are cropland. water. fish. and forests. " As we saw in

Chapter 5. all of these have roots in basic environmental degradatuon and

scarcity i1SSues.

‘Environmental scarcity fostered by a combination of population growth and

resource depletion has ‘alread_v been a cause or a contributing factor in regional
conflict’. The conflicts in the Sahel region of Afnica (Chad. Ethiopia. and
Sudan). the Bangladesh-Assam fighting was a resource depletion dnven
migratiOn that produced ethnic conflict. the Senegal River conflict. and to
many the ethnic cleansing of Rwanda. all have environmental scarcity roots.

The environmental conditions that enflamed the conflicts mentioned above

are only getting worse—there is less water, less arable land, fish resources are

Eileen Claussen. International Conference on Climate Change. Washington, D.C. July 1994.
* James Lee, Inventory of Conflict and Environment, (AEPI, 1999).
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heavily mined, and deforestation continues--- while regional populations
burgeon.
The very useful scholarly debates concerning the cause and effect relationships
betweén conflict and environmental issues will continue, but this project needs to
pragmatically move past this discussion. Recall, we established vvearly in this project that
we would employ the concepts of risk assessment in dealing with uncertainty in our
study. This approach allow us to make decisions without knowirig what will happen. but
based on the best scientific judgements of what is most likely. Applving nisk analysis to
the three preconditions above. we can conclude that the risk of destabilizing events or
conflict 15 high today and expected to increase. The harm. which is the threat to long-
term U.S. securitv. manifested bv the occurrence of manyv of the sufficienty likelv
contlicts would be significant. Therefore. following a nsk mode! where magnitude of
harm times probability of occurrence equals nisk. high potenual risk necessitates that our
security  strategv focus on prevenung and responding to the potenualiues of
environmental secunty. This is the approach taken in most aspects of our national
securitv strategy: we regularly employ a risk based threat analvsis as the basis for our

decisions on policy and strategy.

B. Environmental Securitv Threat Assessment

Analysis of the threat posed by environmental degradation can be simplified into
three questions — what is going to happen, where is it going to occur, and when will it
start? Unfortunately, the answers are not going to be as straightforward. First recognize

that environmental security is a very contextual issue. For example, assume two disputes

4-4
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over a water rights exist between the Unijted States, and Mexico on one border and
Canada on the other. If the technical details of these two problems are similar, do you
think that the nature of the discussions will be the same? Logic supported by numerous
examples suggests scarcity of water in the south would make that dispute much more
~ contentious. Further, the prevailing political environment could make the technical
details of the issue secondary to the political policy considerations. To reassert and
emphasize a previous statement, environmental securit_v'is only a component of the
larger process of U.S. foreign policy and cannot be separated from the whole.
Haviné recognized the primacy of politics over the militarv and even science.
environmental studies do offer solid imeliigence data 10 allow us to conduct our
environmental security threat assessment. To begin. Table 4-1. Impacts of
Environmental Change. is a summary of the information d;veloped in Chapter 3 on the
possible impacts of the most significant environmental hazards. This along with Table
3.1, Potential Impacts of Climate Change(page >-43). address the “What" component of
the risk equation and to a small extent the where. Table 4 - | stratifies the impacts into
the categones emploved by Ms. Claussen (farmland. forest. water and fish). with the
addition of a column for human impacts. Later in our strategic analysis it will become
evident that for. military considérations, we must include acute human impacts in our
assessment. Table 4-1 further divides impacts into global and regional, of great
importance in identifying the appropriate policy and strategy response. Table 3 — 3
divides impacts based on the ;conomjcs of developed and developing countries and
further into the teniperate latitudes, outside 20° north or south, and developing countries

in the tropics, this because there are no fully economically advanced countries in the

+
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tropical belt. These divisions are similar to the North and South approach of White' and
others, which defines the rich northern temperate world as one group and the tropical and
southern temperate developing countries as a second group. The shortcoming of the

North and South approach' that we have atterhpted to overcome with our divisions is

— 1 ] ]

providing a place to address the northern temperate developing countries. In the context

Py
: of environmental security there are important countries in this classification, the Balkans
ﬁ ‘ . .
and some of the small states of the former Soviet Union are examples.
— These two tables do allow us to draw numerous summary conclusions about the
impacts of environmental degradation and change. including in order of importance:
-] |. Humans are threatened by loss of water and food. and increased incidence of
- disease.
2. The largesi overall impacts from all eavironmental change will occur in the
ropical countries. which are all developing economic countries.
= 3. Global warming with its linkages to deforesiation is the issue with the
potential to produce the most damage.
—1 N
I 4. Weather change is likely to produce increase in the incidence of natural
o * hazards, and environmental degradation 1s puning many more people at risk to
’ : the wrath of the weather.
*
i 5. Overall capacity to feed the world is being reduced by a combination of
| - -
factors represented in Table 4-1.
| - 6. Water is a major stress factor on human subsistence and economic
B development.’
-
|
i
| — 3 Ambassador Richard Armitage, Lecture presented at the Naval War College. May 2000.
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The next level of ﬁnalysis from the summary data available involves conducting a
geographical information systems (GIS) analysis of the issues data to determine “Where”
environm-ental security problems and conflicts may occur. The GIS process is a powerful
method-of employing spatial data to identify trends and summary factors. It begins by

thematic mapping environmental data at a constant scale, recognizing that edge errors

may exist because most data is constructed following political boundaries while the

issues spill across borders based on the physical and human geographic setting.
Informration can then be overlaid or stacked to identifv points of conformity between
features or values. In our data analvsis population density and rate of narural increase®
wil] always be our base teature. In environmental secuntv studies, the only true common

ground among researcners is strong consensus belief that population i1s a pnmary vanable

in understanding all the other issues. In our tirst GIS analvsis. we take the waier scarcity

data from Table 3 ~ 6 and input it into a thematic map 0 produce Figure 4 - 2. We next

overlay the data trom Figures 3'— 2 with Figure + - 2 (0 vield Figure 4 ~ 3. densely
populated regions with water scarcity. Analvzing this figure suggests that the Ganges
River area and island nations in southwest Asia are areas where water is a growing
concern. This somewhat a surpnsing finding because many of the areas fall within the
wet IrOpl'C;S. When we consider the data on urbanization from Figure 34 we can better
understand the pfoblem. 1ts too many people in one place and a growing rate. Study In

detail reveals that many factors in combination are creating this problem. but it

summarizes to the cost of supplying clean water to a fast growing population is our of

® Rate of natural increase is the crude birth rate minus the crude death rate expressed as a percent value.

4-3
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reach ior these regions. In many of the island nations. supply is more of the water

problem.
| There is a concern with this analysis because of the lack of correlation between
the places of high population density and the places with water scarcity. Based on these
initial results it was felt that rate of population growth as measured by rate of natural
increase may prove a better metric than population density. To test this theorv the data
from Figure 4 - 2 was stacked with the population growth rates data from Figure 3-3 to
vield Figure 4- 4. Here we see a much stronger correlation: countries with high growth
rates are to a high degree also the countries with drinking water scarcity issues. This
same type of analvsis with Figure 3 - 16 would further support this finding. but would
acdd concern from disease because of the sanitation problems in these same regions. We
can conclude that population growth rates prove a much better metric ot the refatuonship
betwesn popuiation and water issues. To berter assess the uulity of rate of naturai
increase to predict water scarcity. Figure 4 - 3 was constructed 10 show onlyv the countnies
that met both cntena: 41 qt' the 30 water scarce countries also have population growth
rates above 2 percent per vear.
Deforestation is the next major issue that can bener.understood with the help of
GIS analysis. Overlaying population growth rates with detforestation rates produces the
powerful correlation seen In Figure 4 - 6. Countries with forests that also have high
population growth rates are being deforested at high rates. The correlation in this case is
even stronger than seen with water. Nearly all of the points ofdiscoﬁtinuity can be easily
explained. Most are associated with places that have high rate of population. but do not

have forests to cut. Somaiia. Ethiopia. and Kenya in Africa and Mongolia in Asia are all
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examoles of this seen in Figure 4 - 6. In everv other point of discontinuity the countries

" had moderate growth and moderate deforestation, with both just falling below the

thresholds used in building Figure 4- 6. From a global sense our concefn becomes the
.cbuntries in the tropics, Africa in particular because of the high rate of natural increase.
In deforestation, oﬁr greater concern is with the tropical forests because they are the most
significant ecological resources. These are the most diverse biologically and the mdst
usefu] in mitigating the _enhanced greenhouse effect.

The next step in this form of analysis is to determine the regions of the world that
will be both water scarce and impacted kb_v deforestation. Figure 4 - 7 depicts the areas
that meet both of these criteria. The only caution in interpreting these data is that
coun_tn’es already deforested will not be shown. Ethiopia as an example. has lost nearly
all of its forests over the lasi 30 vears. therefore is not shown in red in the figure. The
Sahe!l region of Airica (see Figure 3 - 9. page 5-29). the Ganges River basin. and the
tropical islands of southeast Asia are the most highlv degraded environments with high
growth rafes in the world.

Constructing GIS maps for the impacts of global warming is. in the view of this
research. 100 problematic to be useful. We 'can identifv concerns in a generic way. F ir;t
in global warming is the issue of sea level rise. We know that most of the world’s
population lives close to or on a coast. Any loss of land is certain to displace few—to-
many people, depending on the level of rise. Particularly acute will be the low lying delta
regions around the world that support large populations, the Ganges and Nile R.ivers.as

examples. Small sea rise in these areas will produce measurable to catastrophic harm.

4-13



Changes in weather and regional climate are the toughest issues to predict, temporally or
spatially. If we visualize Houghton's predictions shown in Figure 3 — 9 with the data
presented in Figures 4 - 5, 4 - 6, and 4 - 7, we have a basis for discussing issues. but
probably not highly useful predictive models. In all of this, the northern belt of the sub-
Sahara is the area of greatest concern. It fails to provide basic requirements for a
population growing at high rates. The area of east India and Bangladesh Is another very
. ‘
resource limited area. Adverse weather and/or sea rise in this area could produce
traumatic impacts in this region. Existing monsoon conditions alreadv make catastrophic
death from flooding almost routine in this area. Caution should be applied in any sort of
analvsis based on climate modeling. therefore this discussion is offered as only an
example of thé process more than the absolute vaiue of the findings. We do know with
relauve certainty .that ad:/erse impacts will be bemer ameliorated in the developed-
temperate north as compared to the tropical and southern temperate countries.

Table 4 - | demonstrates that most environmentai issues are more regional than
globai in their impacts. Desertificauon impacts occur in the regions on the margins of the
existing deserts represented in Figure 5 - 15, These impacts are extreme to the
populations impacted. but occur in the less populated areas of the world because of the'
low carrving capacity of deserts. Waste disposal is primarily considered because of its
localized secondary impacts on water quality, but there are regions of the world where
environmental exposures are producing acute and chronic illness. Parts of the former

soviet eastern block have particularly severe environmental health problems. Problems in

our oceans result from over fishing and reduction of fish production as a secondarv

4-17
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responss 0 anthropogenic damage being inflicted in the world’s estuanies by water -

pollution .

To review. this section presents a very summary analysis of the impacts of
environmental degradation. Since many of the impacts are regionally specific while the
data 1s coarsely girded world data, the methodology established is as important as the
reported results. The hope is that regional CINCs can collect and apply data from their

areas of operation to develop their specific operations plans.

C. Strategic Assessment of Environmental Securitv as a Militarv Mission

The fundamental tenant of military power is summed up in the introduction to the
Nauonal Miiitarv Strategy. “The militarv is a compiemeniary element of national power
that siands with the other instruments wielded bv our government”  The Chairman of
the Joint Chiers or Staff more powerfullv expressed the same thought when he stated.
“The military is « great hammer, bur not every proolem is a nail"®. Following this
inderatigable logic. the first task of our strategic- militarv assessment is to dirfersntiate
berween the militarv and non-military environmental security missions ol the National
Security Strategy.

Before beginning this analysis an overview of the applicable national
governmental structure to identify the other plavers in accomplishing the environmental
security mission is in order. The framework for developing and implementing Us.

national security policy is reflected in Figure 4 — 8. The National Security Strategy is the

primary document promulgated by the National Security Council and the National

" National Military Strategy, 1997, 1.
$ GEN Hugh Shelton, Lecture presented at the Naval War Coliege. May 2000.

4-18



}r[, a— ——— e et e e e e e em e e e - -

»n I. [ RO e
$O|IN 000b1 . 000L 0 000L

- e T
e B Lo = -
T e I

N——r
pd B
A ,
~
Ny
~
%
o

S s P =Ry
/“\FN\J) ﬂ.f.f?ﬁM\ 7 T =

Lot g"

/au{ -t

Aj1o1e0g Jajepn pue |
uolje}saloja( Jo seauly
- L-v3¥€NOid




-

R B

;““] ‘

N

Military Straie'g_v is the accompanying policy document promulgated by the Chairman of
the Joinf Chiefs of Staff. In the view of this project, this process works well fdr the
p'o'licies of thé NSS that are wholly military functions, but is inadequate for the policy and
strategies required to accomplish the environmental security mission. Accomplishing the

environmental security mission requires actions from many departments and offices

FIGURE 4 -8
National Secunty Organization

National Security Council
National Command Authonty
President d
Secretary of Defense ,

\, : 1

Produces the Natidnal .
Military Strategy

Chaiman of the Joint Chiefs of Siaff Combatant Commangers Military Departmens
Vice Chaiman Service Secretanes
Joint Chiefs » | Service Chiefs

! Joint S:aﬁl'_'

Produces Regional Theater
£ngsgement Plans

outside the DOD with the bulk of the requirements talling outside the mulitary sphere. In
military terms. the DOD should be a supporting activity in developing a strategy and
execution of the environmental security operations plan. As we shall establish as the
analysis proceeds. the réquirements for environmental security are not primarly military,

but are fundamentally a matter policy for the Department of State. Figure 4 — 9 presents

.a proposed flow diagram for environmental security activities within the U.S.

government. For the organizations as shown, this indicates both recognition of
environmental secunty as a component of their mission and an existing capability to
support this mission. It is evident that no one organization contains all the capability

required for developing and implementing a coherent environmental security strategy. It

Produces the Nationai Security Strategy
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izar that someone must be in charge and the narure of the problem suggests it
should be the Department of State. The Department of State in establishing several
Regional Environmental Hubs throughout the world shows some recognition of this.
Details on the operational art of such a scheme are well beyond the scope of this effort,
which remains focused on the DOD activities and functions. This research did not focus

on examining State Department activities in support of environmental security, but an

interview with Mr. Gary Vest. the Principal Under Secretary of Defense for

Environmental Securitv, indicated that no real plan had been developed by the

Department of State. nor had they assumed leadership and management for an overall

Q
program .

To begin the division of effort. it appears logical that any issues primarily of

global tocus must be managed from the top of the strucrure. or by the Department of

FIGURE 4 - 3

Dwector for Eavironmental Securny |
from Desanment of Siate j

functions under NSC ,l

Structure tor Environmentai Secunty Ooerauions

=
d L 1 1 .
Oeoanment of Energy [sle]0} ZPA Depanment of Justice Others as nesded:
ClA
A0

Deparnent of the Tressury

L T 1
,Servicesl LCINCﬂ [ J S!aﬂj

- The Director is a senior official from the Deparntment of State. working as pan of the National Secunty Council staff

- £ach subordinate organization has a

al Securnity Planning and Review Soard

s Gary Vest. Interview conducted 51 Mar 2000, in the Pentagon.
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State in the scheme purposed here. Global warming, greenhouse gas reduction, and
ozone depletion are issues falling into thié category based on both the data in Table 4 - ]
and the technical explanations presented in Chapter 3. These are issues that must be
addressed with the tools of diplomacy such as international/bilateral agreements and
economic diplomacy. The international effort to control ozone depleting substances as a
great good news example of this process. As Figure 3 - 11 (page 3-37) indicates, we are
now seeing é lowering of chlonne in the atmosphere directly because of the intemational
cooperation achieved through the Montreal Protocol of 1987. Protection of the oceans is
aiso primarilv-a matter of diplomacy, but there are cerainlv supporting uses of the
military. particularly the Navy and the Coast Guard. Waste disposal is another primarnily
diplomauc and legal activity with little military support involved. \

The land use and surface water issues are the areas where the military can have
the greatest uulity in a supporung role. The next secuion of this report will delve into
some ideas of how military capability can forward the cause of security in a manner
preventive defense.

D. Strategic Military Environmental Securitv Planning

The military approach to accomplish the National Security Strategy is reflected in
the National Military Strategy as — “Shape, kespond, Prepare Now:...” In shape we
seek actions that can prevent adverse effects from environmental change. In respond, we
prepare plans and collect information that assures we are ready for all predictable

contingencies. Prepare now is manning, equipping, and resourcing for the missions of

the future.
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The DOD has an office to manage the environmental security program. but this
office works under the much broad'er definition of environmental security from the DOD
directive, thus reducing the attention devoted to the aspects of environmental security as
it is defined in this work. P»urther, our analysis (see Table 4-1, page 4-6) showed that the
rﬁost environmental security issues with military roles occur at the regional impacts level,
thus the primary activities will fall under the preview of the regional CINCs. In this
context. the Shape will come in the actions of the CINC theater engagement planning
(TEP) process and Respond must come as part of CINC operational planniﬁg. It is
intended that CINCs can use the concepts of this document to refine these components
their mission planning and execution. The Army Center for Strategic Leadership has been
a focal pornt for the DOD in examining the issues for the DOD and actuallv assisting
CINCs in developing environmental security components of their theater engagement
plans‘o. Prepare Now begins at the national policy level W.‘ith a plan that can then be
supported by the DOD through such an organization as shown in Figure 4+ - 9. Unul that
overarching plan is developed the DOD does not have the guidance it needs to begin its
supporting roles.

This leads us to the question which goes right 1o the heart of the mater of
environmental security within the DOD, what actions can be taken by the militarv to help
secure peace? A list of ideas is presented in Table 4 - 2, compiled from much reading
and practical experience, wherever it could be found. All the regional CINCs now
conduct military to military exchanges. The TEP acuvities are based on the limited data

available to the CINCs, the existing capabilities with the control of the CINC, and

' A number of references from the Center for Strategic Leadership. many authored by Dr. Kent Burs, are
included in the bibliography as general references that enhanced this research.

4-22
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monef'. The costs are not identified as a separate misgion related funcuon. but in the
general context of winning friends and influencing people. New plans should focus on the
kinds of functions listed in Table 4 - 2, with regional analysis deﬁrﬁng the priority for the
particular CINC. National resources such as Corps of Engineers water resource
managers need to be staged and available to regional CINCs. Non-DOD experts in
criticél skill should also be made available through the overall environmental security
project office. Military unique issues such as weapons disposal and green training should
be the feature actions of the DOD because that both cover environmental security and
building cooperative relationships with other militaries.

In Respond the sequence of events following a manmade or natural disaster is
predictable and therefore can be planned for. The overall planning process needs tb take
place at the DOD level 1o reduce duplication and address resources. while execution musi
be pianned at the CINC level. We now have a dara base from the several responses
compieted over the last 10 vears that can sernve as a basis for developing plans. Personal
experi'ence and review of the most recent deplovments suggests DOD continue 10
struggle with the same startup problems and repetitive misiakes. Findings this author
published in 1994 after the Rwanda mission were similar to reports from Central America

after the most recent hurricane.



TABLE4-2

MILITARY ENVIRONMENTAL SECURITY MISSIONS

In the format of the National Security Strategy of 1997:

e

S I B

—

1 Shape:

Respond:

Military to military exchanges
¢ Land use planning
0 Green training

0 Green use of troops
- Construction of water and sanitation facilities

- Construction of solid waste disposal systems
- Preventive medicine and disease control

0 Educatonal programs.

Water Resource Management (Armyv Corps of Engineers)
Environmental security intelligence gathering

Disease surveillance

Military unique environmental protection measures

0 Chemical weapons disposal

¢ Demining

O Explosive waste management

¢  Training lands management

0 Green training

Operational planning for refugee response acuons
Planning for natural environmental disasters
Enforcemnent of international environmental laws
Operational planning for eco-terrorism

Prepare Now:

e Participate in the development of a national environmental security sirategy

e Develop DOD policy and strategy for environmental security to complement
the national strategy

e Conduct risk assessment for critical environmental degradation and scarcity
issues.

d4-24



Prepare Now requires an impetus from the highest levels of government. A

mission based on the nisks described in this work and substantiated by many others
including the current Vice President must be developed and resourced. A national level

policy and strategy must be devéloped before military planning can proceed. This

—3 ] j

process begins with developing an ability to collect intelligence on issues and areas of
concern. This research work suggests monitoring of rate of natural increase in countries

can predict the potential for environmental degradation; these data are currently readily

3

available. It éan be noted that the trouble areas predicted based on this model are very

much the same as the hot zone identified by Lee in “Inventorv of Conflict”"'. Given a

clear mission and the other elements of Prepare Now listed in Table 4 - 2, the militarv

— .

]

can effecuvely accomplish what should be the militarv component of an overall

environmentai security program for the United States.

1

" James Lze. Inventory of C_onﬂict and Environment, (AEPI, 1999), 110-111.

‘.’ : .23
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Chapter 5
CONCLUSIONS AND FINAL THOUGHTS

A. A Personal Perspective on Environmental Secunty

At this time iﬁ this study I am going to leave the position of independent
" researcher and resume my normal duties as a career Army officer with 27 years of service
and now teaching environmental sciences and geography at the United States Military
Academy. My purpose in researching this subject was to combine the two things I do
(Army officer and environmental engineer) into a description of the military implications
of environmental securitv. At the beginning of this paper (or book by now) [ justified
environmental security being a component of U.S. national secunty strategy based
primarilv on the threat 1o stability environmental problems represent. [ also discussed
supporting rationaies based on our high demand for resources and a moralistic view that
environmental protection is part ot the American ethos. | now freelv coniess ihat my
personal motivation in my studies and concerm with environmental 1ssues is most closely
linked to the moralisuc view. [ trulv believe that a clean well-sustained natural
environment is part of the heritage we enjov and should preserve in perperuit}u' Believing
this. my scientific studies have convinced me that human activities without control will.
damage our environment on a global scale. In the po‘litical jargon, isolationism in
environmental protection is not achievable; vou can not separate our air from theifs. our
water from theirs. or our health from their diseases. We have proven this as
environmental issues have evolved from potential risks into to damage control.
stratospheric ozone depletion as a case in point. [ use ozone depletion as an example

because it shows us hope as well as concermn. Science came to bear to describe the

s
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proolem and develop alternatives to the use of CFCs. The international community was

" able 10 reach agreements to greatly reduce chorine discharges to the air. We now see a

turn around in the concentrations of atmospheric chlorine (Figure 3 — 11, page 3-37)) and
fully expect a recovery of the ozone layer with time. [ remain hopeful that we can as a
nation lead the rest of the world into fruitful discussions on protecting the environment
and then set a positive example by practicing what we preach in suStainable development.
As a military officer and as a scientist, | see this as the most important element of a
preventive defense that we can pursue.

[ now set aside my tree hugging leanings and deal objectively with environmental
security as defined in this research. which is fundamemally concerned with avoiding
contflict. Most who study in the area or;cont'lict agree it requires a set of conditions where
people lack or perceive a lack fundamental requirements to sustain their way or'.life. [n
the most basic form these are food. shelter. health. and some sense of secunty. In a
higher siate. cultural and political influences come into the equation of security. Even
lacking these ‘basic requirements people do not always engage in conflict. Usually -
some inutiating activity is required to foment conflict. In our context these may be natural
or manmade environmental disasters. migration of environmental refugees. or any
number of other environmental degradation events threatening basic human health. This
all remains abstract, however, until the concept is actually applied in concrete examples.

" Consider first Ethiopia and its continuing state of human suffering and war. Our
data shows»that it has one of the highest population narural increase rates in the world.
has deforested until its fuel wood is almost gone, and is able to provide only 13 liters of

water per day per person. There are cultural conflicts in this region and within Ethiopia

in
s
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itself. however, it is clear that a lack of basic human necessities IS a primarv source of
insecurity for Ethiopia and throughout its region. In fact, the entire region is in generally
the same condition of resource scarcity. Looking at this area harshly, occasionally
shipping food, water, and medicine into this region will never sblve anything because it
fails to address the root problem of the carrying capacity being outstripped by the
population. |

One other example that the U.S. and the DOD can identify with is Haiti. Our
inreryentiqn was necessitated by a political unrest in the c'ountry, bﬁt manv
knowledgeable on Haiti identify the causes as fundamentally environmental scarcity and

degradation issues. Again. we begin by assessing the available data. Haiti has limited

- water supplies providing only 30 liters of water per person per day. is completely

deforested. has poor sanitation, and is a denseiy populated country with a high natural
increase rate. There are no worse a sel of environmental scarcity and degradation
condiuons anvwhere in the world. We entered Haiti 10 restore secunity. We found this
impossible in a country with these prevailing environmental conditions and thus we
struggle to extract our military from the continuing chaos.

To mé. the only unknown about the cause-effect relationship of contlict and
environmental Issues is the size of initiating charge required to set off the time bomb. I
look at Sierra Leone, Nigeria, East T.imor. Ethiopia/ Entrea, and most of the other
regional conflicts in the world today and I see primarv or secondary environmental
scarcity issues inexorably linked to each conflict. In summary, common sense. natural

science, and political science rarely come together as seen in the unanimous conclusion

th
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tnat environmental security is a topic of importance to the well being of our country and

our security.

B. Where Have We Been

[ began the technical discussion by defining environmental security based on the
goals for this paper. Environmental security as it developed within the academic
community encompassed the environmental degradation and environmental resource
scarcity issues having the potential to create conflict. This is certainly broad enough to
apply to a wide vanety of environrhenfal and resource issues, but the military definition
went even farther. [ believe the definition in DOD Directive 4715.1 is too broad and too
far from the primary use of the term outside the DOD. If we. the military. are ever going
1o address the real security iséues emanating trom environmental change. the DOD
directive must be changed 1o have focus and clarity.

The second task in this work was o provide a primer describing the»
snvironrnental 1ssues in lavmen's terms. This task is completed with the review
presented in Chapter 3. The environmental poliution and degradation issues presented
are only highlights from an exhaustive list of 2nvironmental topics available. | [n regional
analysis. many of the issues not discussed may be primarv sources of insecuritv. but this
study could not cover all subjects and all regions in detail. The process developed in

Chapter_.'-'L can be- modeled to collect and analvze additional tbopics to assess their
significance to regional security and stability. From these bases, CINCs can draw
conclusions as to what the military can do to support the national strategy for

environmental security.
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C. What Did We Leamn

To begin, the questions posed at the outset were:
What is environmental security?

What is the military mission in environmental security and

how should we be executing the mission?

In writing on questions such as these there is a natural tendency, at least for this
researcher, to be too grandiose in extrapolating the data further than can be justfied. In
trving to control these urges, but at the same time represent a vision of how this research
can enhance our understanding of the national security implications of the environmental

issues. the following overall observations are offered:

_* Environmental secunty is an ill-defined term that means different things to different

groups of people. The DOD directive definition is the least precise of all definitions
examined. irving to be all thing to all people has left it devoid of meaning tor anvone.
Environmental security defined conceptually as a process to respond as a part of the
U.S. Nauonal Secunty Strategy to those environmental 1ssues having the potential to
effect U.S. nauonal security.

. En?ironmental security is prnimarily a diplomatic and political function of the

Depariment ot State.

» Policy and strategy to address the environmental security requirements of the

National Security Strategy are presently not embedded in the governmental structure.

» The military environmental security mission as prescribed in the National Military

Strategy 1s to support the NSS and complement the national environmental security

strategy.
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The environmental security issues are environmental resource scarcity and
environmental degradation. Critical resources are croplands, forests. water, and fish.
Population is the independent variable that controls all environmental security issues.
Rate of natural increase is a good metric to correlate environmental impact.§ and
areas of concern.

There are meaningful environmental security missions for the DOD in a supporting
role to an overall U.S. environmental security strategy.

Areas considered of most concern based on a global scale analysis are: The Sahel and
central regions of Africa, the island nations of the western Pacific. East
India/Bangladésh region. and more isolated areas of Central and South America.

These areas are highlighted on the CINCs area of operations map in Figure 3-1.

What Should We Do

A national environmental security strategic policy and strategy is essenual before real
progress can be seen.

A structure. supported by resources must be developed to match the goals ot our
policy and the processes speciﬁedv IN our strategy.

We need to better leverage existung environmental expertise throughout the
government. There is tremehdous untapped technical power within the departments
of Energy, Interior, Health, and Defense, that could be brought to bear on this

problem in a productive and cost effective manner.
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E. Final thoughts

Rewrite DOD Directive 4715.1, to define environmental security based on military
policv and strategy to meet the NSS and NMS missions of environmental security and

more in line with the non-military world.
Within the DOD, the environmental security mission must compete for resources

through a risk-based analysis. The value added of the environmental security -

program must be idehtiﬁed and quantified.

The Theater Engagement Plan (TEP) process is the appropriate vehicle to conduct the
military environmental security program. The Manual for Theater Engagement
Planning' should be updated to reflect environmental security as a component of the
process. A program to support the geographic CINCs in the environmental secunty
piece of the TEP process is aiso needed. The Armv War College has is a great start in
filling this requirement. but this structure needs to be insututionalized for the entire
DOD. The mode! developed through this research and emploved in global analysis

provides a useful siarting point ior detailed regional environumental secunrty

assessments.
The second trom last question:

Are there environmental response actions required as part of national

securiry policy that should become new missions for our military forces?

' Chairman of the Joint Chiefs of Staff Manual CICSM 31135.01. Theater Engagement Planning, 1998.

3-8
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Cermainly there aré areas of expertise where the unique capabilities of the military
suggest such missions. The gathering of intelligence information through the use remote
sensing technologies is just one example. Civilian research into data analysis for
environmental applications is a fast developing field, however, there are complementary
Issues berween research in environmental data gathering and network centric battlefield
information systems suggesting the military should consider this as a new mission. This
mission would require additional resources because on a risk-based analysis I do not
believe environmental security could not replace existing intelligence collection activities
in the milita.fy priorities for these crtically shor capébilities. Policing critical
environmental resources and agreements is an example where current practice of forward

presence could be combined with new missions in environmental security. Many other

" examples of new missions may emerge as policy and strategy take shape.

Lasty. we leave this study with provably the most challenging question tor
environmental securv.

What in the World (environment) is worth (America) fighting for?

[s it the Amazon rainforests with their biodiversity and ability to mitigate global
climate change? Is it some of the world's critical water resources? Is it the ability to0
possess and burn the oil fueling our economy. but also affecting the global clirnétes?
Today. the questions remain in the ‘too hard’ category of our strategic»national poiicies.
Too hard is based on an absence of the certainty we demand. numbers that quantify the
impacts on our security produced by environmental change. [ remain both an optimist

and a realist in this argument. Realistically, humans with their technology have the
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capability to irreversibly change the surface of the entire planet. for better cr worse. The

optimist remains convinced that science and technology will provide the data needed to |

complete our understanding of the earth’s processes and we will decide to act to achieve
.

a sustainable vibrant environment. The realistic recognizes change will be necessary and

there are significant costs to be paid, but these costs will be cheaper than the costs of not

addressing environmental security, soon.



APPENDIX A

A LITTLE SCIENCE
INSIDE THE NUMBERS
Unit of Measure English Units Metric Units Example Areas
Acre 43,560 sq. feet 0.405 hectares About one football
field
Hectare 2.47 acres 10.000 sq. meters About two soccer
‘ . . fields
Square mile 640 acres (1 section) | 2.39 sq. kilometers A Mall (small)
! Square kilometer 247 acres | 100 hectares Small Farm
‘ Cubic meter 264 gallons i A big box

Cubic kilometer

f
l

|
1.000 liters |
Ix 107 M° !

!

264 x 10" gallons |

100 days of water for

NY citv

TERMS AND ABBREVIATIONS

TERM DESCRIPTION

AEL?P| Army Environmenrai Polic. {nsutute

AlIDS Acquired immune Jericieac: sy»ndrome

°C Temperature measured on the Cenxigfade

Cenumeter One hundredth of of a meter.

CFGCs Chlorinated fluorocarbons

DOD Department of Defense

DOE Department of Energy

DOS Department of State

CINC Commander in Chief

FAQ Food and Agricuiture Organization of the United Nations
GHG Greenhouse gases (carbon dioxide. ozone, CFCs, nitrous oxide)

Gigatonnes

One million metric tonnes (2.200 English pounds)

A-1




' TERMS AND ABBREVIATIONS (continued)

TERM DESCRIPTION

GIS Géographic Information Systems

IDHL Immediatety Dangerous to Life and Health
Infrared Long wavelength energy, heat

{PCC Intergovernmental Panel on Climate

M’ Cubic meters

mg Milligrams. one thousandth of a gram

Micrometers
MMTCE
NATO
NMS

NSS

PCB -
PeM

TEP
Ultraviole:
usc
USEPA

Wavelength

One millionth part of a meter

Million metric tons carpon emissions

North Atlantic Trearv Organization

Nartional Militarv Strategy document

National Secuntv Strategy document
Polvchionnated biphenvis

Parts per mitlion. in voiume for gases and by weignt ior soilds
Theater engagement plan

Short wavelength energy. light

United States Code

United States Environmental Protection Agency

Length of the spacing between peaks of an energy wave
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